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A B S T R A C T
The Chiantla quadrangle is in northwestern Guatema
la in the Departments of Huehuetenango and Quiche,
Most of the area is within the Altos Cuchumatanes, an
elevated plateau of carbonate rocks.

The Cuchumatanes

are limited to the south by the Polochic Fault Zone,
possibly a strike-slip fault; which separates crystal
line rocks to the south from sedimentary rocks to the
north.

This fault is one of the two large faults

which traverse Guatemala and are believed to bound
the Bartlett Trough of the Caribbean Sea,
The crystalline rocks south of the fault are prePermian in age and consist predominantly of granite and
cataclastic metamorphic rocks.

The cataclastic rocks

perhaps indicate the presence of an ancestral Polochic
Fault Zone in the Paleozoic,

North of the fault about

4500 meters of Upper Paleozoic and Mesozoic rocks crop
out.

The oldest part of the section north of the fault

is a sequence of dark-gray slate and slaty shale (810/
meters) of Pennsylvanian(?) age, the Libertad member
of the Santa Rosa formation.

The Libertad is .overlain

by interbedded shale and carbonate (474 meters) of
Permian Wolfcampian age; the Esperanza member of the
Santa Rosa; which in turn is overlain by massive carbon
ates (550/ meters) of Wolfcampian to Wordian(7) age
assigned to the Chochal formation.

The Upper Paleozoic

ix
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sequence represents géosynclinal deposition, the Liber
tad in deep water and the Esperanza and Chochal in
shallow water,
A Late Permian-Barly Jurassic hiatus represents a
time of orogenic movements that folded and faulted the
Paleozoic rocks in the area.

An angular unconformity

separates Paleozoic from the overlying Mesozoic rocks.
The oldest part of the Mesozoic sequence is the
Todos Santos Formation (700-1200 meters) of Jurassic
to Early Cretaceous age.

This formation consists of

red beds of continental origin, although a marine
limestone bed is present in the upper part of the
section? a quartz sandstone and conglomerate sequence
at the top of the section could be either continental
or marine.
The Todos Santos is conformably(?) overlain by
about 1500 meters of Cretaceous carbonates, the Ixcoy
limestone.

The carbonates were deposited on a rapidly

subsiding, shallow shelf.

Periodic local uplift

caused the deposition of reworked, lithoclastic lime
stones, but most of the limestones are foraminiferal
lime packstones.
Conformably overlying the Ixcoy is a sequence of
red beds and lithoclastic limestones, the Sepur Forma
tion of Late Cretaceous age.
Early Tertiary was a time of major orogeny.
X
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The

Polochic Fault Zone, which extends through the southern
part of the area, was probably active during that time,
and a large sheet of Paleozoic rocks was thrust north
ward over Mesozoic rocks.

Three distinct sets of

fractures in the area, N35°E, N10°W, and N70°W, suggest
a northeast-southwest direction of principle horizontal
stress.
A discontinuous band of serpentinite is associated
with the Polochic Fault Zone,

The serpentinite

locally grades into peridotite (harzburgite).

The

serpentinite intrudes rocks as young as TuronianSenonian.

Heavy minerals from the serpentinite in

elastics of Campanian-Maestrichtian age suggest a
mobilization of the serpentinite in the Senonian.

The

intrusions undoubtedly were also mobilized later, and
they may still be moving.
Late Tertiary or Quaternary movements resulted in
uplift of the Cuchumatanes.

Rejuvenation of the area

caused partial dissection of the uplifted area and the
development of karst topography by means of interior
drainage.

Earthquakes, youthful topography, faulted

pumice deposits, and disrupted drainage suggest that
the area is still tectonically active, especially along
the Polochic Fault Zone.
Late Tertiary or Quaternary volcanism in the
volcanic highlands to the southwest resulted in pyro
clastic deposits of pumice and welded tuff.
xi
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I N T R O D U C T I O N
The area of this report is perhaps the most inter
esting region in Central America for students of
stratigraphy and structural geology.

The area is

situated on a large fault zone that extends across
Guatemala and forms the northern boundary of the
Bartlett Trough (Taber, 1922),

This fault zone sepa

rates igneous and metamorphic rocks on the south from
a very thick sedimentary section to the north.

The

fault zone appears to have controlled the intrusion of
serpentinites,

Associated with this fault zone is a

large, continuous, fault-line scarp more than one
kilometer in height, which traverses the quadrangle
and forms the southern boundary of the Altos Cuchumatanes, the most spectacular non-volcanic feature of
Central America,

The great relief, combined with only

a moderate rainfall and a moderate vegetative cover,
results in exceptionally good exposures for a tropical
region.

The Pan American Highway passes within five

kilometers of the area, and other roads and jeep
trails allow access to many parts of the area by fourwheel drive vehicles.
This area is part of the classic region where much
of the geologic framework of northern Central America
was established by earlier workers.

Of the six strati

graphie units studied, four have type sections in or
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immediately adjacent to the area.
PURPOSE AND SCOPE
The study of the Chiantla quadrangle was undertaken
because the area is one of geologic interest, accessi
bility, and good exposures.

The quadrangle was consid

ered to be a key area for unraveling the complex
structural history of the front ranges of the Altos
Cuchumatanes.

Furthermore, an understanding of the

structural geology was a prerequisite for the compila
tion of a more accurate stratigraphie section for the
region.
The field work was conducted during the summer of
1965 and the Spring of 1966 with a total of about
seven months in the field.

The quadrangle is 10

minutes by 15 minutes and contains about 500 square
kilometers.

The geology was mapped on U,S, Army

photographs taken in 1954 with a camera of 153,46 mm
focal length at 32000 feet of elevation,
A stratigraphie section was measured and described
for all but one of the sedimentary units mapped, and
samples were collected at ten meter intervals along
each section.

These samples were later examined with

a binocular microscope, the carbonate samples being
first slabbed, polished, and etched.

The resulting

information was combined with field notes for inclusion
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in the measured sections (plates VI - IX^),

Thin

sections and acetate peels were studied of selected
samples from both the measured sections amd elsewhere.
Many of the carbonate thin sections and slabs were
stained with alizarin red-S in order to differentiate
between calcite and dolomite.
Some minerals associated with metallic deposits
were identified by emission spectrograph and X-ray
diffraction analysis,
GEOGRAPHY
Regional Setting
The Chiantla quadrangle is in northwestern Guate
mala in the departments of Huehuetenango and Quiche,
and is bounded by lat 15°20'N and 15°30'N and long
91°15'W and 91°30*W (see figure 1), The quadrangle
lies along the northern of the two great fault zones
of Guatemala,

In northwestern Guatemala this fault is

bounded to the north by a large fault line scarp,
which forms the southern boundary of the Altos Cuchu
ma tanes, an elevated plateau consisting mostly of
carbonate rocks of Cretaceous age.

The measured sections in plates VI - IX are supple
mented by two additional plates, Plate IV explains the
energy index used in the measured sections, and plate V
explains the abbreviations, symbols^ and sample notations
used.
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Figure 1.- Map showing the location of the Chiantla
quadrangle, its relation to the two major
fault zones of Guatemala, and the geologic
provinces of Guatemala.
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Climate
The Chiantla area includes both the tierra templada
and the tierra fr£a temperature zones; with a range in
elevation from 1518 to 3618 meters; and has a typical
mesothermal highland climate.

In the vicinity of

Aguacatan and Chiantla (tierra templada and lower
tierra frfa respectively) the days are usually warm
with cool nights.

In the upper tierra frfa of the

Altos Cuchumatanes the days range from pleasant to
cold; but the nights are generally cold.
During the rainy season, from June through October,
convectional thundershowers occur almost daily,
usually in the late afternoon.

The rainy season is

called the inviemo (winter); a very brief dry season
in August is the veranillo (little summer), and a long
dry season from November through May is the verano
(summer).

The seasonal temperature variation is small

(see table 1),
The northeastern corner of the area lies on the
windward side of the Altos Cuchumatanes and receives
orographic rains from the trade winds.

The great

relief of the Cuchumatanes causes frequent cloud
formations that greatly hamper field investigations,
especially during the rainy season.

The higher eleva

tions are also the site of occasional severe hail
storms.
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January
February
March
April
May
June
July
August
September
October
November
December

Rainfall (mm)

Temperature (°C)

10-25
<10
10-25
10-25
50-100
100-200
200-300
50-100
100-200
100-200
25-50
10-25
1000 Total

15-20
15-20
15-20
20
15-20
15-20
20
20
20-25
20
15-20
15-20

Table 1,- Approximate mean rainfall and temperature for
the town of Huehuetenango, four kilometers south of
, Chiantla (Atlas Climatol6gico de Guatemala, 1964),
Where ranges are given, the mean values fall
within the ranges.
Vegetation
The vegetation is that characteristic of a meso
thermal highland climate.

Forests of oak, pine, and

fir are present in many parts of the quadrangle, but
these forests are being rapidly depleted by man.
Virgin forests occur only in the Cuchumatanes: oak
is generally present at the lower altitudes, as in the
vicinity of El Portrerillo (3000 meters), pine is the
dominant tree over most of the Cuchuma tane s (the top of
the plateau everywhere exceeds 3000 meters), but fir
occurs at several localities, as for example along the
Rfo Tojxim near Hacienda Chanchol,

The distribution of

fir may not depend entirely upon altitudey perhaps the
topography and its resulting influence on climate play
a minor role.
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The southern slopes of the Cuchumatanes support
secondary growths of oak.

The lowlying area between

Chiantla and Aguacatan is largely characterized by the
presence of pines.

However, this Is an area of high

population density that has been cleared by man;
pines possibly represent a temporary serai

the

stage In

the reforestation process*
In t±ie northeast corner of the surea, along the
steep escarpment southwest of the Rfo Palob, orographic
rains produce a dense seml-declduous rain forest with
heavy undergrowth.

Small cloud forests are present In

some areas along the top of the escarpment where the
forest supports exceedingly dense growths of epiphytic
plants.
Culture
The area of Investigation Is very densely populated
by descendants of the Mayan Indians,

Many of the Inhab

itants are classified as Indians and retain
language and native costumes.

a

Mayance

The rest of the Inhabit

ants; with the exception of a few Caucasian families,
are mostly of Indian descent, but; because they have
largely abandoned their native culture, they are termed
ladlnos.

The majority of the Inhabitants live In the

rural areas;

the two small towns of Chiantla and

Aguacatan are the only urban areas.
Most of the Inhabitants are subsistence farmers
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8

practicing a primitive slash and burn type cultivation.
However, the farmers do possess a moderately advanced
form of irrigation, bringing river and spring waters by
way of ditches, wooden troughs or cemented rock canals
to most of the front ranges of the Cuchumatanes.

Corn

is by far the major agricultural product, being grown
everywhere except on the plateau surface of the Cuchumatanes, where the climate is too cold.

In the cold

regions of the Cuchumatanes the cultivation of wheat
and potatoes and the grazing of sheep are the main forms
of livelihood.

The valley of Aguacatan is an important

center for the growing of onions and garlic,
A small merchant class has developed in the towns
of Chiantla and Aguacatan, but it is more highly develop
ed in the large town of Huehue tenango, four kilometers
south of Chiantla,
At one time lead and silver mining was of impor
tance in the region northwest of Chiantla;

the town was

founded in the early sixteenth century by the Spaniards
as a mining district.
is being worked.

Now only one mine (La Esperanza)

This mine is operated on a small scale

by local workers, who bring the crudely smelted lead
into Chiantla by mule,
PREVIOUS WORK
Dollfus and Montserrat (1858) studied the geology
of Guatemala and El Salvador during their journeys in
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Central America; but they did not visit the area of
this report,

Carlos Mano (1883) briefly described

the geology and mineralogy of the Chiantla mining
district.
The German geologist and geographer Karl Sapper
(1899;1937) made brief studies of the area during his
work on Central American geology.

However; the first

significant investigation of the area was made by Franz
Termer (1932) who; as a student of Sapper; constructed
a generalized geologic map of northwestern Guatemala,
The map of Termer remains the basic reference for.
northwestern Guatemala on all geologic maps of Central
America,
R, J, Roberts (Roberts and Irving; 1957) studied
and mapped the Chiantla-San Sebastian mining district
of Huehuetenango.during 1942-43,

Roberts* map; which

includes the southwest corner of the Chiantla quad
rangle, was the first detailed geologic map in the
region,
J, L, Walper (1960) published a geologic map and
report on the geologic of the Cobéin-Purulha area in
Alta Varapaz,

The geology of that area is very similar

to that of the Chiantla quadrangle, being an eastward
equivalent of the Cuchumatanes and along the same major
fault zone,
R, K, Lattimore (1960) measured a section of Upper
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Cretaceous rocks at Chenial, near the northwest corner
of the Chiantla quadrangle.
S. Â. Kling (1960) studied Permian fusulinids in
Guatemala.

His report includes a measured section of

the Permian rocks near Chiantla.
G. L. Vinson (1962) revised the Upper Cretaceous
and Tertiary stratigraphy of Guatemala, part of which
pertains to the area of this report.
H. G. Richards (1963) studied and measured a stra
tigraphie section in the Todos Santos Formation at
Ventura^ just west of the Chiantla quadrangle,
Otto Bohnenberger (1965b) mapped the northern part
of the Department of Quiche; his map bounds the Chiantla
quadrangle t o .the east.
Thomas Anderson/ (1966), Alston Boyd (1966), and
George Davis (1966) studied and mapped the La Democracia
quadrangle in the western part of the Department of
Huehuetenango.
S. B. Bonis (1967) mapped and studied the Alta
Verapaz fold belt along the Rio Polochic just east of
the Coban region;
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LOCALITY REFERENCE SYSTEM
Localities are commonly referred to in the text
of this report by numbers; which relate to the military
grid reference system of the quadrangle (see the geo
logic map;- plate X),

The numbers of the grid system

are along the edge of the geologic map and consist of
numbers in both large and small type; for example,
t7Q5 ooo^

Ignore the numbers in small type and use only

the large ones.
To illustrate, the center of the town of Chiantla
is located at 655980,

The first three numbers; 655,

fix the east-west position of the pointy the numbers
65 are read from the edge of the map and the third num
ber is extrapolated to the right.

Also; the last three

numbers of the location; 980; fix the north-south posi
tion of the pointy the numbers 98 are read from the edge
of the map and the last number extrapolated toward the
top of the map.
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P E T R O L O G I C

T E R M I N O L O G Y

The limestone classification used in this paper is
that of R, J, Dunham (1962).

Since this classification

is relatively recent and therefore perhaps unfamiliar
to many geologists, the basis of his classification and
definitions of some key terms are outlined below (also
see figure 2).
Textural terms:
Grains - discrete carbonate particles such as
fossils; ooliths; fecal pellets, or frag.
ment of pre-existing carbonates (intraclasts'*’
or lithoclasts2; after Folk; 1962)
Mud - carbonate particles smaller than 20 microns
(0.02mm).
Grain support' - texture in which grains are so
abundant as to support each other.
Mud support - texture in which grains are held
apart by mud.
Classification:
Lime i^udstone - muddy carbonate rocks with less
than 10 per cent grains.

llntraclast - a fragment of penecontemporaneous, usually
weakly consolidated carbonate sediment that has been
eroded from adjoining parts of the sea floor (Folk; 1962,
P. 63).
^Lithoclast
a reworked fragment of an older, lithified,
subaerially exposed limestone (Folk; 1962; p. 64).
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f
UME MUDSTONE

LIME WACKESTONE

L/ME PACKSTONE L/ME SPA/NSTONE
eXPLANAT/ON

^

CARBONATE GRAIN

I#

CALCITE MUD
SECONDARY

SPARRY CALCITE

Figure 2.~ Limestone classification (after Dunham,
1962).
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Lime wackestone - mud-supported carbonate rocks
with more than 10 per cent grains.
Lime packstone - grain supported muddy carbonate
rocks.
Lime grainstone - grain supported carbonate rocks
which are mud free.
The rock types above represent a continuous tex
tural spectrum, which generally may be correlated
with the physical energy available in the environment
of deposition.

For.example, the lime mudstones were

deposited in a very low energy environment, whereas
the lime grainstones represent high energy environ
ments (see plate 17).
Dolomites are classified on the basis of grain
size and the presence of grain "ghosts" as suggested
by Folk {1962).

For example, a dolomite may be

termed a medium crystalline biogenic dolomite.
The terrigeneous rock classification used is
that of Folk (I965), and, since the terms are
familiar to many geologists, they will not be defined
in this paper.

However a diagram of the sandstone

classification of Folk is presented in figure 6.
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S T R A T I G R A P H Y

A N D

P E T R O L O G Y

INTRODUCTION
The sedimentary rocks in the area have a thickness
of approximately 4500 meters (see figure 3),

The se

quence can be subdivided into six major lithologie
units:

(1) slaty shales of Pennsylvanian (?) age

(Libertad member^ of the Santa Rosa formation), (2)
shales and carbonates of Early Permian age (Esperanza
member^ of the Santa Rosa formation),(3) carbonates of
Permian age (Chochal formation); (4) clastic rocks,
mostly red beds, of Jurassic-Cretaceous age (Todos
Santos Formation); (5) carbonates of Cretaceous age
(Ixcoy limestone); and (6) red beds and limestones of
Late Cretaceous age (Sepur Formation).
Cataclastic metamorphic rocks intruded by granite
and gabbro are present south of the Polochic Fault.

The

age of these rocks is unknown; but they are probably prePermian,
A belt of serpentinite intrusions extends across the
area north of, and roughly parallel to, the Polochic
Fault,

The earliest movement of the intrusions was pre-

uppermost Cretaceous (pre-Sepur),
Scattered deposits of Cenozoic alluvium, lacustrine

^Informal field terms.
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4500 meters
Sh & sltst, orange,thin-bedded.
Ls, llthoclast lime grainstone.
NORTHERN FACIES

^

Ls, medium-gray, foram lima
packstones & vackestones.

4000

SOUTHERN FACIES
Ls, dark-gray, rudistlithoclast lima
packstones.

»c O q | 0 > ;

3000
V/

ov/

« = » - / V A 3 c y K» ^ I

Dol, medium-gray, mediumcrystalline,
Dol breccia, dol clasts in
fine-crystalline calcite
matrix.

f'ca

Sh, sltst, ss, & congl,
mostly red beds.
La, black, thin-laedded, algal
lime mudstones & intraclastoolith lime packstones.

Ls, dark-gray, fusulinidbryozoan lime wackestones &
packstones,
Dol, medium-gray, mediumcrystalline, fossil ghosts.
Sh, gray-green, silty,
very fossiliferous.
Ls^ dark-gray, nodular,crinoid
bryozoan lime packstones.

1000
T

a

Slate & slaty shale, darkgray, some sltst beds,
non-fossiliferous,

Figure 3,- Generalized stratigraphie column for the
Chiantla quadrangle.
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deposits j pumicQ, and pumiceous welded tuff crop out in
the area,
PALEOZOIC(?) ROCKS
Crystalline rocks of pre-Pentiian age crop out south
of the Polochic Fault (see geologic map; plate X),
These rocks consist predominantly of cataclastic schist,
cataclastic gneiss, and granite,

A few small intrusions

of gabbro within the cataclastic rocks were noted but
not mapped.
In the Chiantla area the crystalline rocks are in
fault contact with the sedimentary sequence to the north.
In other areas of Guatemala, Pennsylvanian or Lower
Permian sedimentary rocks unconformably overlie meta
morphic rocks? thus the metamorphic rocks near Chiantla
are assumed to be pre-Permian.
Cataclastic Metamorphic Rocks
The metamorphic rocks in the Chiantla area are
cataclasites, which have been highly sheared and crushed
by tectonic movements.

The cataclasite extends beyond

the southern edge of the area and is at least two and
one-half kilometers in width.

The association of the

cataclasites with the Polochic Fault Zone suggests a
direct relationship between the two.

Extensive move

ments along such a major fault zone could produce a wide
belt of cataclasite.
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Kupfer (1964) demonstrated that the Alpine Fault
Zone of New Zealand contained a zone of highly faulted
and brecciated rocks commonly one-half to one mile in
width.
Cataclastic schist «— Cataclastic schist is exposed
in two areas between Buenos Aires and Aguacatan (see
geologic map).

The rock grades into coarser-grained

cataclastic gneiss, and the intervening contact is
difficult to locate.

In the field the cataclastic

schist resembles a slightly metamorphosed shale such
as would result if the slaty shales of the Libertad
member of the Santa Rosa formation were slightly more
metamorphosed.

However, an examination of two thin

sections showed that the schist is a true cataclastic
rock composed of small amounts of quartz in a fine
grained matrix of sericite.

The sericite appears to

have formed from feldspar, and both the sericite and
the feldspar are highly sheared.
Some bodies of slate and sheared, black limestone
are also present near locality 7^5965 within the area
mapped as cataclastic schist.

These rocks may belong

to the Santa Rosa formation. Veins of quartz commonly
occur as concordant lenses in the schist.
Cataclastic gneiss.— Cataclastic gneiss is the most
abundant rock type south of the Polochic Fault (exclud
ing younger Cenozoic deposits).

It is differentiated
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from the cataclastic schist only on the basis of grain
size; the schist is sub-aphanitic.

An examination of

nine thin sections gave the following average composi
tion: 22% quartz, 68% mica (predominantly sericite),
6% feldspar, and

miscellaneous minerals.

The seri

cite was apparently derived from the feldspar.

The

texture is cataclastic and consists of stringers of
crushed quartz interlayered with highly sheared seri
cite, which is

oriented parallel to the quartz string

ers in most cases.

In one thin section, however, the

sericite is at an angle to the stringers of quartz
grains, producing two distinct foliations, which
might indicate rotation of a block during deformation.
Small remnants of feldspar grains commonly produce
an augen structure in the gneiss.

The presence of about

1 0 % chlorite in some areas gives the rock a distinctive
green color; the chloritic gneisses have been observed
only along the R£o Buca.
Granite
The granite of the area is characteristically pink,
coarse-grained, contains but few dark minerals, and
always contains abundant inclusions of schist.

The age

of the granite is not known; it is only known to intrude
the cataclastic metamorphic rocks, which are pre-Permian
in age.

The granite has not been notably affected by

cataclastic deformation, although it has been faulted
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and is in fault contact with Cretaceous rocks.

Thus

the granite is a late tectonic feature with respect to
the cataclastic rocks,
A different type of granite is present to the east
in the area of Sacapulas, and it is believed to he in
truding Mesozoic rocks (Bohnenberger, oral communica
tion, 1966),

This granite is gray; medium-grained,

and contains abundant dark minerals.
Miscellaneous Igneous Rocks
Small dikes of aplite are very common in the meta
morphic rocks and also intrude the granites,

A severely

altered hornblende-rich dike was noted in place at loca
tion 771959,

Float of massive boulders of hornblende

gabbro; possibly a coarse-grained equivalent of the
hornblende dike rock; was found at location 713959,

The

rock consists of about 60 per cent labradorite with sub
equal amounts of hornblende and olivine,

A normal, pyroxene

gabbro was collected from a weathered outcrop at location
715962? this gabbro contained 72% labradorite, 15% ortho
pyroxene, 10% olivine, and 3% opaque minerals,
UPPER PALEOZOIC ROCKS
Stratigraphie Nomenclature
Dollfus and Montserrat (1868; p. 272-274) applied
the name Santa Rosa group to strata exposed near the
village of Santa Rosa in Alta Verapaz,

Sapper (1899)
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correlated these strata with shales and intercalated
limestones in other localities which he considered to
be Carboniferous in age (see figure 4)-

Santa Rosa

therefore became used as a formational name for Upper
Paleozoic shales.

Subsequent work has shown that the

type locality of the Santa Rosa formation is actually
correlative with the Todos Santos Formation of Mesozoic
age (Walper, I960, p. 12Ô7).

The term "Santa Rosa"

was therefore valid everywhere except at its type
locality.

Walper (p. 12Ô7) consequently proposed that

the Santa Rosa be renamed the Tactic formation after
exposures near the village of Tactic in Alta Verapaz.
Sapper (1099, p. 64 ) used the term "Karbonkalke"
for carbonates above the Santa Rosa beds.

Roberts

and Irving (1957, p. 17) renamed these carbonates the

'

Chochal limestone after exposures in the Chiantla
quadrangle near the Finca Chochal.

The Chochal was

established by Roberts and Irving as stated below:
When the Chiantla-San Sebastian.area was mapped
(pi. 9 ) the massive, cliff-forming limestone units that
form the upper slopes of the range were distinguished
from the interbedded limestone and shale units of the
middle slopes. ... As the limestone at Chochal is a
mappable unit ..., it is proposed that it be named the
Chochal limestone.
Walper (I96O, p. 1290) later expanded the term "Chochal"
as follows:
The same massive, cliff-forming limestone crops out
in an east-west belt lying between the Purulha and
Polochic valleys. Along the upper slopes of these two
valleys a sequence of massive limestone and dolomite
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F i g u r e 4 « - S t r a t i g r a p h i e nomenc l a t u r e .
The terras are those u s e d b y v a r i o u s w o r k e r s
f o r r o cks in tlie ar e a o f this report, w i t h the e x c e p t i o n o f W a l per,
W a l p e r ' s terms a r e a p p l i e d to the a b o v e c o l u m n as th e y w e r e d e f i n e d in
A l t a Verapaz,
V i n s o n (1962/ fig, 6) p u b l i s h e d a m a p o f p a r t o f the
C h i a n t l a a r e a u s i n g the terms "Coban" a n d "Campur" as above.
However,
as d e f i n e d in its type area, the C o ban of Vi n s o n includes b o t h the
I x c o y a n d C o b a n of Walper,
The thickn e s s e s (in meters) a r e d r a w n to
s cale a n d m a y b e c o m p a r e d w i t h the l i t h o l o g i e c o l u m n in fig u r e 4,
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predominates. It extends well down the valley slopes
but progressively contains more intercalated shale beds
until near the valley flooij the rocks are dominantly
shale. This lower shale with minor limestne beds has
been named the Tactic formation. It is proposed that
Roberts* Chochal limestone be named the Chochal forma
tion and expanded to include; besides the upper; cliffforming limestone and dolomite of the upper slopes; the
dominantly limestone sequence with interbedded shale of
the middle and lower slopes; thus including the entire
thickness above the Tactic formation.
As indicated above, when Walper abolished the term
"Santa Rosa" he substituted the term "Tactic" only for
the lower part of the Santa Rosa section.

He there

fore was led to expand the term "Chochal" to include all
Permian rocks above the Tactic,
Bonis (1967) informally elevated the term "Santa
Rosa" to group status and used the term "Tactic Formation"
for the upper part of the Santa Rosa group.
The validities; ages; boundaries; and ranks of the
terms "Tactic" and "Santa Rosa" have become a eubject
of great discussion in the recent literature (Vinson,
1962; Richards/ 1963; Richards and Vinson; 1963; McBirney,
1963; Bohnertberger; 1965a; Burkart; 1965; Crane, 1965;
Clemons; 1966; Anderson; 1966; Boyd; 1966; Davis; 1966;
and Bonis; 1967),

To avoid further misunderstanding;

the writer prefers to use informally the terms "Chochal"
and "Santa Rosa" exactly as defined by Roberts and Irving;
if for no other reason than that they were defined in
the Chiantla area and that the writer is therefore confi
dent of their proper application.

The Santa Rosa formation
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was divided into two units.
810+

meters

The lower unit consists of

of slaty shale and siltstone; it was

named the Libertad member in 1966 by Anderson, Boyd,
and Davis.

The upper unit consists of about 475 meters

of interbedded shale and carbonate, and is herein infor
mally named the Esperanza member after exposures near
the La Esperanza mine, seven kilometers northwest of
Chiantla,

A section of the Esperanza was measured and

is presented in plate VI.

In an earlier publication the

writer referred to the Libertad and Esperanza members
as Formation A and Formation B respectively (Bloxmt, 1966 )
Libertad member (Santa Rosa formation)
The Libertad member of the Santa Rosa formation con
sists of a thick sequence of steel-gray slate and slaty
shale with many very-thin, cross-bedded siltstone laminae;
some graded, siltstone turbidites (see plate I); and
variations in the silt content of the shale.

Slaty

cleavage is well developed, generally at an angle to
the bedding; in many areas the original bedding cannot
be detected.

In some areas the cleavage has disrupted

bedding so that discontinuous lenses of competent siliceous
layers are scattered throughout the exposures.

Some

features can be found which perhaps suggest penecontemporaneous deformation of the original sediment, but
tectonic deformation perhaps would have obscurred most
such features.
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When Roberts (Roberts and Irving, 1957, p, 16)
mapped the Chiantla - San Sebastian region, he described
the local Santa Rosa formation as having a “lower unit
of interbedded sandstone, shale, and conglomerate,"
The "lower unit," which was exposed only in a fault
block at the foot of the mountains (locality 615995) is
in fault contact with Cretaceous rocks, not Permian
rocks as indicated by Roberts, and, after thin section
examination, was mapped by the writer as Todos Santos
rather than Santa Rosa,
The Libertad member is exposed in two areas: (1)
along the southern slopes of the Cuchumatanes as a part
of a large thrust sheet of Upper Paleozoic rocks, and
(2) along the bottom of a canyon carved by the Rfo
Palob just beyond the northeast corner of the quadran
gle,

The map was extended beyond the margin of the

Chiantla quadrangle in order to incorporate this
exposure.
The base of the Libertad is not exposed; the
contact with the overlying Esperanza is not clearly
exposed and may be unconformable.

The dark slate and

slaty shale of the Libertad is overlain by non-metamorphosed, gray-green, fossiliferous shale with inter
beds of limestone, belonging to the Esperanza,

In

weathered outcrops the distinction between shale and
slaty shale is difficult to make, therefore the contact
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is defined as the base of the first limestone unit
greater than five meters thick.

In some localities the

two distinct lithologies are separated by a covered
interval of only a few meters,
Walper (1960, p, 1288) admitted the possibility of
an unconformity within the Paleozoic section in the
Coban-Purulha area of Alta Verapaz,

Walper discussed

the problem as follows:
This shale sequence ^ a c t i c 7 is considered as one
unit, but in places there appear to be two distinct
types. The lower, black, platy shale shows evidence of
having undergone considerable more induration than the
upper, greenish gray, blocl<y shale,
,,, Only at one
place, ,,,, was there observed a definite contact be
tween the two. Here, the lower, highly sheared and
somewhat metamorphosed shale is truncated by beds of
yellow to brown and red blocky shale. It is possible
that both shale beds are, in general, conformable and
that exposures such as this are only local unconfor
mities, ,,, No attempt was made to subdivide these
rocks but the writer has the distinct impression that
the lower shale may be considerably older than the
upper one.
An unconformity also possibly exists within the
Paleozoic section of nearby Chiapas, Mexico,

Thompson

and Miller (1944) described a section in. Chiapas that
was similar to that of noithwestern Guatemala,

They

noted a sequence of partially metamorphosed sedimen
tary rocks, termed the Santa Rosa formation(7), overlain by limestones and shales which they assigned to
the Grupera formation.

The Grupera is probably litho-

logically correlative with the Esperanza member in the
Chiantla area (see figure 5),

In Chiapas the Santa
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Rosa(?) and the Grupera were separated by a 50 foot
covered interval, so that the contact was not exposed
and might yet prove to be unconformable,

Gutierrez

(1956, Po 15-16) reported that in Chiapas the Santa
Rosa(7), which is approximately 2,700 meters thick,
consists predominantly of dark slates.
The writer is well aware that utmost caution
should be exercised before reporting an unconformity.
No clear-cut evidence has yet been noted for an
unconformity within the Paleozoic section, therefore it
must be clearly understood that only the possibility of
an unconformity is being suggested.
A possible alternative is that a steep gradient of
regional metamorphism exists throughout the extent of
Paleozoic exposures from Chiapas to Alta Verapaz.
Under tectonic deformation the shales of the Libertad
would be expected to behave differently from the overlying interbeds of massive carbonate and shale.

The

Libertad is much less competent and would deform
greatly, possibly resulting in a highly sheared,
slaty shale.

Slight evidence for such a gradient of

regional metamorphism does in fact exist.

The writer

noted in one area that the shales within the Esperanza
were somewhat slaty, and that the limit between
slightly metamorphosed, slaty shales and non-metamorphosed shales was impossible to observe.

Furthermore,
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all of the Paleozoic limestones are recrystallized and
contain highly twinned and deformed calcite crystals.
Of course, both an unconformity and a gradient of
regional metamorphism are possible in the area,
A section was measured in the Libertad member near
locality 663010 about one kilometer west of Patio de
Solas (plate VI).

The section began above the base of

the unit and extended up to the contact with the
Esperanza with a total measured thickness of 810
meters.

Due to complex folds and minor(?) faults

combined with a lack of bedding in many parts of the
section, the measured thickness is not accurate.

How

ever, it is believed to be of the correct order of
magnitude, and the lithologie descriptions are probably
recorded in correct sequence.

The lithology is rather

uniform throughout the section; the sequence consists
predominantly of steel-gray, slaty clay-shale^ grading
locally into true slates.

Beds of slaty mud-shale^;

thin, cross-bedded, argillaceous siltstone laminae; and
several thin, graded silts tones, ^ssibly turbidites,
(maximum thickness eleven centimeters) are minor varia
tions in lithology.

One thin bed of highly sheared,

completely recrystallized limestone was found near the
^Clay-shales are those shales composed of more than twothirds clay (Folk, 1965).
2
Mud-shales are those shales composed of subequal
amounts of silt and clay (Folk, 1965).
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base of the section.
Environment of deposition.— The lithology of the
Libertad suggests a moderately deep-fwater (200 meters),
open marine environment, and the thickness suggests an
area of geosynclinal subsidence.

The lithology before

regional metamorphism may have been similar to the black
shales of Permian

blfcampian age in the Val Verde

Basin of West Texas.
Age and correlation.— The age of the Libertad is
unknown.

Only two poorly preserved fossils, a gastro

pod and an ammonoid, were found in the area.

The slaty

shales of the Chiantla area are possibly correlative
with the partially metamorphosed strata, mostly slate,
in Chiapas that Thompson and Miller (1944, p. 4^4) called
Santa Rosa (?) (figure 5).

Norman D. Newell (written

communication, reported by Walper, I960, p. 1209) has
identified Pennsylvanian fossils from the Santa Rosa
(?) of Chiapas.

Walper collected Permian fossils from

the upper part of the Tactic formation in Alta Verapaz,
but the Libertad is probably correlative with only the
lower, non-fossiliferous part of the Tactic section
mapped by Walper.

The writer suggests that the Libertad

may be Pennsylvanian in age.
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Esperanza member (Santa Rosa formation)
The Esperanza member of the Santa Rosa formation
consists of 474 meters of interbedded shale and carbo
nate.

The formation is exposed only in the southeastern

part of the area, generally about midway up the southern
slopes of the Cuchumatanes, as a part of a thrust sheet
of Upper Paleozoic rocks.

It is absent in the north

eastern part of the area along the Rfo Palob as a re
sult of truncation.

In that area the Todos Santos For

mation of Mesozoic age unconformably overlies folded
slate of the Libertad.
The lower contact of the Esperanza was discussed
earlier.

The lowermost limestone unit of the member

is a distinctive crinoidal limestone.

The contact with

the overlying Chochal formation is arbitrarily placed
within a gradational sequence of intercalated shale and
carbonate.

The shale and carbonate of the Esperanza

grade upward into more massive carbonates of the Chochal
formation by a decrease in the amount of intercalated
shale. (Note the measured sections of the Esperanza and
Chochal in plates VI and VII).

Due to inadequate expo

sures and structural complications, the contact cannot
be accurately mapped solely on the basis of lithology,
but must be mapped partly on the basis of physiography.
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The contact is defined as the base of a very prominent,
scarp-forming, massive carbonate.

Specifically, it is

at the top of the uppermost shale interval greater than
five meters thick at the base of the scarp.
The Esperanza is very fossiliferous and contains
abundant bryozoans, fusulinids, and crinoid columnals,
as well as numerous brachiopods, corals, and gastropods.
Even in highly weathered outcrops the shales of this
member can usually be distinguished from the underlying
shales of the Libertad by the presence of numerous per
fectly preserved molds of crinoid columnals, the original
calcite fossils having been leached by percolating ground
water.

Fenestellid bryozoans form an important constituent

of many shale and.limestone layers.
The Esperanza has distinct facies changes within the
quadrangle.

The individual beds of carbonate pinch and

swell along strike as noted by Roberts and Irving (1957*
p. 16), and also change laterally from limestone to dolo
mite.

For example, in the vicinity of the La Esperanza

mine at the western edge of the area, thick beds of lime
stone crop out.

Further east, along the canyon of the

Riachuelo El Rancho, the limestone beds appear to be
thinner.

About one kilometer farther southeast along the

road north of El Rancho, the lower part of the member
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contains dolomite instead of limestone.
A section was measured in the member along the
upper extent of the Riachuelo El Rancho around location

672024 (plate VI}•

The section contains about 474

meters of fissile, gray-green shale and dark-gray,
nodular, thin-bedded limestone.

The thickest continuous

limestone bed is about 23 meters, and the thickest shale
sequence is about 62 meters.

A five meter bed of very-

fine-grained, immature sandstone was also noted.
Carbonate petrology.— Nineteen limestone samples
from the measured section were studied in detail from
slabs.

]ji addition, five thin sections, five acetate

peels, and one insoluble residue were taken from the
slabbed samples.
The carbonates are highly veined, recrystallized,
exhibit extensive pressure solution phenomena, and con
tain extensively twinned crinoid columnals and other
large sparry calcite crystals with undulose extinction
and warped twin planes.

The lime mud is always recrystal

lized to microspar (5-15 microns).

Such features corro

borate the field evidence that the rocks were subjected
to significant orogenic stresses, probably under a moder
ate to high pressure.
Due to extensive recrystallization, only seventeen
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of the samples could be classified according to their
depositional texture, and many of these were classified
with some degree of uncertainty.

However, two were

classified as lime wackestones, thirteen as lime packstones, and two as lime grainstones.

Therefore the

energy level was generally moderate (see plate IV).
The dominant rock-forming fossils are crinoids and
bryozoans, with minor amounts of fusulinids and brachio
pods.

In addition, traces of green(?) algae, red algae,

gastropods, corals, echinoids, and spicules were noted.
Fossils constitute the only carbonate grains in
all samples except one.

A sample collected 1060 meter's

above the base of section C (see plate VI) contains
recrystallized ooliths(?) (50^), intraclasts (20^), and
sparry calcite cement (30^).
algae was also found.

A single clast of red

The rock is termed an intra-

clast-oolith(?) lime grainstone.

Pellets may have

existed in the limestones, but they would now be im
possible to distinguish from recrystallized lime mud.
Many of the limestones are partly silicified and
dolomitized.

Up to thirty-five per cent and commonly

over twenty per cent of the limestone has been replaced
by silica.

The silicification is most apparent in the

bryozoans, but the crinoid coliannals and the lime mud
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matrix also is partly replaced.

The silica is mostly

chalcedony.
Some limestones contain up to twenty per cent clay
and/or quartz silt, but the terrigeneous component is
generally confined to distinct laminae.
No dolomite samples were studied from the
Esperanza.
Environment of deposition.— The shale and carbon
ate of the Esperanza appear to have been deposited
along a broad, shallow, rapidly subsiding shelf.

The

occurrence of algae, corals, fusulinids, and abundant
crinoid columnals suggests a water depth of not more
than 30 meters, and the h i ^ lime mud content of the
carbonates as well as the jresence of poorly sorted
mud-shales suggests low energy conditions.

However,

the bed of intraclast-oolith(?) lime grainstone
represents very high energy conditions in shallow
water; it possibly formed on a tidal delta or shelf
edge, where the ooliths formed by the action of
strong tidal currents moving through a restricted
tidal inlet or over the shelf.
Age and correlation »— The following is a list of
fossils identified from the writer*s collection by
6. A. Cooper, R. G. Douglass, and E. L. Yochelson of
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the U.S. National Museum:
Brachiopoda
Retaria sp.
Reticulariina sp.
Huestedia sp.
Gomposita sp.
LissoGhonetes sp.
Pelecypoda
Annuliconcha sp.
Scaphopoda
Plagioglvpta sp. cf. P. canna (White)
Gastropoda
Straparollus (Euomphalus) sp. cf. S. (Euomphalus)"huecoensis (Shumard)
Euphemites sp.
Fusulinidae
Schwagerina sp.
?Parafhsulina sp.
TMonodiexodina sp.
?Pseudoschwagerina sp.
Although many of the species represented have never
been described previously, and the state of preser
vation is poor, the paleontologists generally agree
upon a Wolfcampian age for the fossils.
The Esperanza is probably lithologically correlative
with the Grupera formation of Chiapas (see figure 5)»
which is also of Wolfcampian age (Thompson and Miller,
1 9 4 4 ).

Throughout Guatemala the Esperanza can probably

be correlated lithologically with the upper part of the
Santa Rosa formation as used by Sapper, or with the
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lower part of the expanded "Chochal formation" as
used by Walper.

However, the lithologie equivalent

of the Esperanza in the Purulha area of Alta Verapaz
is probably Leonardian in age (Walper, I960), indi
cating that the lithologie units become progressively
younger east of the Chiantla area.

Such a relationship

was also suggested by Kling (I960), who studied the
Permian fusulinids of Guatemala.

Chochal Formation
The Chochal Formation consists of a thick sequence
of carbonate of Permian age.

The unit is exposed only

along a thrust sheet in the southwestern margin of the
Altos Cuchumatanes.

It is absent in the northeastern

part of the area along the Rfo Palob as a result of
truncation by erosion.

In that area the Todos Santos

Formation unconformably overlies folded slates of the
Libertad.
The lower contact of the Chochal was discussed
earlier.

The contact with the overlying Todos Santos

is not exposed in the area.

The Chochal exposures are

part of a large sheet that has been thrust over
Mesozoic rocks, and the upper part of the Chochal
sequence has been eroded from the thrust sheet.

However
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the absence of the Chochal and the Esperanza along the
Rfo Palob (15 kilometers from the edge of the thrust
sheet) indicates a pronounced angular unconformity be
tween the Chochal and the overlying Todos Santos.

Other

workers have also noted the discordant nature of this
contact (Sapper, 1937, p. 26; Gutierrez, 1956, p. 1Ô,
and others).
The Chochal consists mostly of dolomite and lime
stone with some intercalated shale beds.

The shale

becomes more abundant in the upper part of the forma
tion.

The limestones are generally quite fossiliferous,

containing mostly fusulinids and large gastropods.

The

limestones are generally dark-gray whereas the dolo
mites are medium- to light-gray.

Both limestone and

dolomite commonly have nodular bedding and are charac
terized by numerous calcite veinlets as a result of
deformation (see plate I).

Chert nodules are locally

abundant within the carbonate; a sequence of interbed
ded chert and limestone was noted at locality 762903*
A section was measured in the Chochal at locality

621055 near the type section of the Chochal measured by
Roberts (see plate 7).

The section begins in sandstone

and shale along a trail at the base of massive, cliffforming carbonates.

The shale, which contains a

prominent brachiopod-bearing bed (Retaria sp.),
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and the sandstone belong to the Esperanza.

A thickness

of 546 meters was measured for the Chochal, however,
the section was incomplete since the uppermost beds
have been eroded.

Roberts obtained a thickness of only

600 feet at the type section, but he estimated a total
thickness in the region of about 2000 feet.

The section

consists predominantly of dark limestone, but numerous
thick beds of medium- to light-gray dolomite are present,
especially in the lower and central part of the sequence,
and beds of fossiliferous mud-shale and argillaceous siltstone are common, especially in the upper part of the
section.

Most limestone and dolomite beds contain abun

dant nodules of gray chert.

Numerous fusulinids and large

gastropods (Qmphalotrochus) were noted in the limestones,
and poorly preserved specimens were also noted in the dolo
mites.

Carbonate petrology.— Forty-nine carbonate samples
from the two measured sections containing Chochal were
investigated in the laboratory from slabs; also, four
thin sections, two peels, and one insoluble residue were
taken from the slabbed samples.
Like the Experanza, the carbonates of the Chochal are
veined, highly recrystallized, display extensive pressure
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solution phenomena, and contain highly twinned, large
sparry calcite grains (including crinoid columnals).
All lime mud has recrystallized to microspar.
The specimens studied include one lime mudstone,
eleven lime wackestones, nineteen lime packstones,
sixteen dolomites, and one limestone recrystallized
beyond recognition.
The dominant rock-forming fossils in the limestones
are fusulinids, bryozoans, brachiopods, crinoids, and
green algae, listed approximately in order of abundance.
Minor amounts of corals, gastropods, spicules, and ostra—
cods were also noted.

The Chochal limestones are very

similar in lithology to those of the Esperanza, except
that fusulinids and brachiopods are more abundant in
the former and crinoids in the latter.

Kling (I960, p.

641), stated that the important rock-forming fossils of
the Chochal are fusulinids and codiacean algae.

Some

of the writer’s samples contain abundant unrecognizable
fossils which may be green algae, but green algae is not
an important constituent of many of the samples.
Most grains in the limestones are fossils.

However,

intraclasts and possible pellets are important components
in two samples.

The recrystallized lime mud matrix of
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some of the rocks appears to be "spotted," indicating
the possibility of former pellets.

However, such fea

tures may also be explained by autoagglutination of
lime mud.
As in the Esperanza, many of the limestones of the
Chochal are partly replaced by chalcedony and mega
quartz.

A study of the etched slabs and the insoluble

residue showed that most of the silica is replacing
bryozoans and crinoid columnals, often carefully pre
serving the delicate internal structures.

Parts of

the matrix are also replaced by silica.
Some of the limestones contain up to thirtyfive per cent clay and quartz silt.
The dolomites are mostly fine-crystalline and con
tain abundant fossil "ghosts," especially fusulinids.
In the field these fusulinid dolomites have a distinct
white spotted appearance, the white spots being dolomitized fusulinids about two millimeters wide.
Environment of deposition.— The carbonates of the
Chochal formation were probably deposited on a broad,
shallow, rapidly subsiding shelf under conditions simi
lar to the deposition of the Esperanza. The presence of
fusulinids, corals, green algae, and crinoid columnals
in both units suggests water depths less than 30 meters.
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and the high lime mud content of the carbonates sug
gests low energy conditions.

As pointed out by Kling

(i960), the Chochal resembles the marginal back-reef
carbonates of the Delaware Basin of West Texas.

Such a

shallow back-reef environment could be expected to have
contained water with a high magnesium content, which
could have formed the thick dolomite beds by secondary
replacement of pre-existing fusulinid limestones.
Age and correlation.— The following is a list of
fossils identified from the writer’s collection by
6. A. Cooper, Helen Duncan, R. C. Douglass, and E. L.
Yochelson of the U.S. National Museum;
Brachiopoda
Reticulatia cf. R. huecoensis (King)
Coelenterata
Durhamina cf. D. cordillerensis
Gastropoda
Qmphalotrochus obtusispira (Shumard)
Fusulinidae
Parafusulina sp.
TMonodiexodina sp.
Schwagerina sp.
Eoverbeekina sp.
The paleontologists suggested an age ranging from Wolfcampian to Wordian(?) for the Chochal formation in the
Chiantla area.

Kling (I960, p. 643) suggested a Wolf-

campian to Leonardian age on the basis of fusulinid

R eproduced w ith perm ission o f the copyright owner. F urth er reproduction prohibited w itho ut perm ission.

43
studies in the area.

However the Wordian(?) specimens

collected by the writer were from down-faulted remnants
of the upper Chochal northwest of Aguacatan, which were
not investigated by Kling.

Roberts and Irving (1957, p.

17-1$) listed fusulinids from the Chochal of the Chiantla
area that were identified by L. G. Henbest.

Henbest con

sidered the Chochal to be Leonardian and possible Wordian
in age.
Several samples were examined for conodonts with
negative results.
In summary, the age of the Chochal in the Chiantla
area probably ranges from Wolfcampian to Wordian.
The Chochal formation can be lithologically corre
lated with the La Vainilla and Paseo Hondo formations
of Chiapas, which are Late Wolfcampian(?) and Leonardian
in age (Thompson and Miller, 1944).

The lithologie

equivalent of the Chochal is probably younger in the
Cobài-Purulha area.

_

In that area the section is of

Leonardian-Wordian(?) age according to Walper (I960,
p. 1290), and Kling (I960, p. 643).

The Chochal forma

tion as well as the Esperanza can probably be correlated
biostratigraphically with the Macal Shale of British
Honduras.

Kling (I960) reported the occurrence of the
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anmonoid Perrinites hilli, characteristic of the Leonardian, from the Macal.

MESOZOIC ROCKS
The Mesozoic section begins with red beds of JurassicCretaceous age, the Todos Santos Formation, overlain by
a thick sequence of massive carbonates of Cretaceous
age, the Ixcoy limestone.

Above the carbonates is a

second red bed formation, the Sepur of Late Cretaceous
age.

A belt of sepentinite, intruded at least partially

during Late Cretaceous time, crops out north of the
Polochic Fault.

Stratigraphie Nomenclature
Sapper (1&99, p. 65) used the term ’’Todos Santos”
for Mesozoic red beds at the village of Todos Santos,
near the Chiantla quadrangle.

The name was used in

such a manner until it was revised by Richards (1963)
(see figure 4)»

Richards divided the Todos Santos

sequence into two units and retained the name "Todos
Santos Formation” only for the lower, red bed unit.
He named the upper unit, which he considered be marginal
marine rather than continental, the San Ricardo Formation
after clastic and carbonate rocks exposed near San Ricardo,
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Chiapas.

In the Chiantla area the writer was unable to

map the formation established by Richards.

Furthermore,

at La Ventosa, the type section of the Todos Santos
Formation, Richards (1963, p. IÔ69 ) admitted that he
could not accurately distinguish between the two units
that he established.

The writer prefers to use the term

"Todos Santos" as originally defined by Sapper.
Sapper (1#99) used the term "Cobankalke" for Creta
ceous limestones near Coban, Alta Verapaz.

Termer

(1932) named the entire Cretaceous carbonate sequence
in the Cuchumatanes the Ixcoy-Kalk after exposures near
San Juan Ixcoy, just north of the Chiantla quadrangle.
He was not sure of the relationship between the Ixcoy
and the Coban of Sapper; however, he suggested that
perhaps the two formations were the same (Termer, 1932,
p. 247).

Sapper (1937) mapped carbonates in Chiapas

and in the northern parts of the departments of Huehuetenango, Quiche, and Alta Verapaz as Upper or Middle
Cretaceous, including carbonates which he called Rudistenkalk.

He distinguished between these carbonates and

those of the Cobankalk, which he considered older.
Roberts and Irving (1957) noted Upper Cretaceous carbo
nates in the Cuchumatanes.

Accordingly, they restrict

ed the term Ixcoy to the lower part of the carbonate
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section and mapped an area of carbonates beneath the
Sepur Formation as unnamed Upper Cretaceous.

Their

Ixcoy-Upper Cretaceous contact was not defined.
Walper (I960) divided the incomplete Cretaceous carbonate
section in the area of his report into two units; the
lower unit:he termed the Ixcoy formation and the upper
unit the Coban formation, thereby completely changing
the original meaning of the two terms.

Walper stated

(p. 1297) that the two formations as defined by him
were unraappable in the area.

Vinson (1962) divided

the carbonate sequence of northern Guatemala into two
units; the lower unit, which contained both the Ixcoy
and Coban of Walper, was called the Coban Formation and
the upper unit was called the Campur Formation.

However,

Vinson's "formations” were defined partly on the basis
of age, the Coban being Neocomian to Turonian and the
Campur being Senonian.

In certain areas the Campur is

unconformably overlain by a third carbonate unit, the
lacanddn Formation, which is a limestone facies of the
Sepur Formation (Vinson, 1962, p. 432).
Due to structural complications, lack of continuous
exposures, and extreme lateral facies changes, the writer
was unable to subdivide the Cretaceous carbonate sequence,
even though it has a thickness of about 1500 meters in
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the area.

An approximate subdivision perhaps could

have been accomplished by distinguishing a lower, pre
dominantly dolomite sequence from an upper, predominantly
limestone sequence, but such a subdivision would have
been quite difficult and was not considered to be espe-'
cially useful.

The limestone in most areas showed

almost no vertical variation, but did vary greatly
laterally.

The writer uses the term "Ixcoy limestone"

for the entire Cretaceous carbonate sequence in accordance
with the original definition of Termer (1932) for rocks
in the same area.

The Ixcoy as defined includes both

the Coban and Campur of Vinson.
Two distinct lateral facies of the Ixcoy were mapped.
Fine-grained, dense limestones composed predominantly
of foraminifera

and lime mud crop out over most of the

Cuchumatanes in the area and are termed the "northern
facies."

Calcarenites and calcirudites composed of re

worked limestone and rudist fragments crop out along a
narrow belt just north of the Polochic Fault and are
termed the "southern facies."
For clastic rocks exposed near the village of Sepur
in Alta Verapaz, which he considered to be Tertiary in
age. Sapper (1Ô99) applied the term "Sepurschichten."
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Vinson (1962), in his revision of Guatemalan strati
graphy, retained the term "Sepur Formation" for the
rocks in Alta Verapaz, which were determined to be of
Upper Cretaceous age, but he renamed their lithologie
equivalents in the Cuchumatanes the Ghemal Formation
afterexposures near Chemal, Huehuetenango, just be
yond the northwest corner of the Chiantla quadrangle.
However, the term "Sepur" is retained in this report
in accordance with the suggestions of several Guatemalan
geologists.

Todos Santos Formation
The Todos Santos Formation is a complex unit con
sisting of red bed shales, siltstones, sandstones, and
conglomerates; some clean, white sandstones and con
glomerates; and a thin unit of thin-bedded, black lime
stone .
The contact of the Todos Santos with the underlying
Chochal is known to be an angular unconformity, although
the contact is not present in the area.

Along the Rio

Palob the Todos Santos overlies slates of the Libertad
with a pronounced angular unconformity, the Chochal and
Esperanza having been completely truncated.

The contact

between the Todos Santos and the overlying Ixcoy limestone
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was not observed in the area, but it is believed to be
conformable, based on the scattered presence Of evaporite
beds within the top of the Todos Santos and within the
base of the Ixcoy.

Sapper (1937, p. 26), Walper (I960,

p. 1294), and Lloyd and Dengo (I960, p. 210) suggested
that the contact was conformable.

However, Roberts and

Irving (1957, p. 21) point out that an angular unconfor
mity separates the two formations near San Miguel Acatan,
Huehuetenango, about 25 kilometers from the Chiantla area.
The contact is probably conformable over much of Guatemala
with only local unconformities in some areas; the nature
of the contact in the Chiantla area is not known.
The Todos Santos Formation is exposed in four areas
within the quadrangle: (1) along the Rio Palob ih the
northeastern part of the area, (2 ) along the southern
part of the Cuchumatanes plateau, (3) along the Rio
Buca, and (4) just north of the Rio Selegua about four
kilometers west of Chiantla.
In the northeastern corner of the area sandstones,
shales, and conglomerates of the Todos Santos are exposed
along the bottom of the canyon of the Rfo Palob.

This

area is the only part of the quadrangle with a complete
section of Todos Santos present, but this area is on the
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windward side of the Cuchumatanes, and exposures are
poor due to the high rainfall and resulting vegetation.
A generalized section was compiled from several traverses
across that area.

The thicknesses were determined from

a knowledge of the dip of bedding, topography, and out
crop pattern; the total thickness is estimated to be
about 700 meters.

The base of the section is concealed

by a five meter covered interval, below which slates of
the Libertad crop out.

The section begins with about

100 meters of red-brown to dark-gray siltstone with
conglomerate lenses and thin beds of violet shale.
Higher in the section there is about
fissile, violet shale.

150 meters of

At the top of the section there

is about 450 meters of light-colored, moderately-wellsorted, mature sandstone and conglomerate with some thin
beds of violet shale.

The section ends at the contact

with the overlying Ixcoy.
thin in this area.

The Todos Santos is abnormally

Furthermore, the absence of the 1000

meters of Chochal and Esperanza suggests that this part
of the area has behaved as a positive platform during
part of geologic time.
An elongate belt of Todos Santos exposures about
eighteen kilometers long extends along the margin of the
Cuchumatanes in the southwestern part of the area.
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exposures are limited to the northeast by younger rocks
which overlie the formation, and to the south by the
thrust sheet of Paleozoic rocks.

The base of the Todos

Santos is not exposed in this area.

Richards (I963)

measured the type section of the Todos Santos Formation
along this outcrop belt at the village of La Ventosa about
four kilometers beyond the western edge of the Chiantla
quadrangle.

The section is as follows fciodified from

Richards, 1963, p. IÔ64-IÔ69 ):
Meters
Sandstone, gray, medium- to coarse
grained, quart zitic, with grave1size clasts of chert..................

20

Siltstone, red-brown to tan, shaly..o.......

24O

- Limestone, dark-gray to black, flaggy.......

40

Shale, red-brown, partly silty..............

13O

Siltstone, red-brown, shaly; and redbrown, arkosic sandstone...............

3^0

Conglomerate, red-brown, with inter
bedded red-brown siltstone.............

430

1240
The total thickness of the section is 1240 meters.
Even though the base of the section is not exposed,
Richards suggests that the measured thickness is close
to true thickness because of similarities of the thickness
of individual units in this section and in another section
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measured in Chiapas.
The exposure of Todos Santos along the southern
margin of the Cuchumatanes in the Chiantla area
closely correlates with the type section described above.

Conglomerates of the lower part of the sequence

are exposed only at the southeastern part of the outcrop
belt.

These conglomerates consist mostly of pebble- to

granule-size clasts of white quartz and gray to tan chert
in a matrix of red-brown shale.

The sorting is very poor,

and bedding is not well defined.
Above the conglomerates is a thick sequence of redbrown shales and argillaceous siltstones.

These rocks

have a distinct banded appearance due to color differ
ences, which reflect varying silt/clay ratios.
average about ten centimeters in thickness.

The beds

These rocks

crop out along the large, treeless valley in the vicinity
of La Capellania and also in the vicinity of El Potrerillo.
In the upper part of the siltstone and shale sequence there
is a unit of dark-gray to black, flaggy limestone, which
contains marine fossils.

This limestone is well exposed

at localities 69203Ô and 732017.
At the top of the Todos Santos there occurs a distinc
tive unit of light-gray, medium- to coarse-grained, moder
ately-well-sorted, mature quartz sandstone and conglomerate.
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The rock is composed mostly of quartz with minor amounts
of varicolored chert.

Thin beds of violet shale are in—

terbedded within the sandstone and conglomerate.

Richards

measured only 20 meters of this unit at La Ventosa, but
he noted that it increases in thickness toward the east.
The unit is well exposed in the Chiantla area along
the road to San Nicolas at locality 699030; the thick
ness here was estimated as more than 100 meters.

How

ever, this unit appears to pinch and swell considerably,
and it is either absent or exceptionally thin in some
areas.

For example, resistant beds of this unit form

distinct hills southwest of Agua Alegre, northeast of
La Capellania, and at Hacienda Chancol; but elsewhere
the upper part of the Todos Santos is predominantly
red to violet shale and siltstone.

This unit is litho

logically correlative with the 450 meters of sandstone
and conglomerate along the Rio Palob.
Poorly exposed gypsum beds are present near the
top of the formation at the southeastern end of the
large Todos Santos exposure.
Two small exposures of Todos Santos(?) are present
along the road (RN7W) between Aguacatan and Buenos Aires.
These exposures are small fault blocks along the Polochic
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Fault Zone.

The rocks are very different from those

of other Todos Santos exposures.

Here the rocks con

sist of medium- to coarse-grained subarkose; poorly-»
bedded, red clay shale; thin-bedded "paper” limestone;
and limestone cobble conglomerate.

The area is highly

faulted, and the sequence of the various lithologie
units cannot be established.

Many of these rocks are

cataclastically deformed; a stretched limestone pebble
conglomerate is well exposed beneath a bridge on RN7W ii
at kilometer 345*50.

Deeply weathered exposures of

cataclastically deformed, coarse-grained subarkose can
be observed from the road as pink and white striated
bluffs along the Rio Buca in the vicinity of locality
740970

.

Todos Santos red beds are also present four:kilo
meters west of Chiantla just north of a bend in the
Rfo Selegua.

The rocks here lie at the base of the

foothills of Ixcoy limestone.

The exposures may be

in stratigraphie contact with the Ixcoy, but they are
interpreted as being in fault contact since the lower,
dolomitic part of the Ixcoy is absent.

Roberts and

Irving, thinking that the limestones of the foothills
were Permian in age, mapped the exposures as Santa
Rosa.

However, the rocks are very similar to Todos
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Santos rocks elsewhere.

The red beds here generally

consist of coarse-sand- or granule-size clasts of
quartz and chert in a red shale matrix.

Petrology.— Nine thin sections of Todos Santos
sandstone were examined from random localities.

The

mineralogical compositions are summarized in figure 6.
Most of the sand grains are quartz and metamorphic rock
fragments but minor amounts of feldspar grains are pre
sent.

However, figure 6 is somewhat misleading, since

metaquartzite

fragments are plotted with the M pole

(metamorphic rock fragments).

Most of the M components

of the samples are indeed metaquartz, which cannot be
distinguished from quartz grains in the field.

For

example, the sample plotted near the corner of the M
pole contains about 50 percent metaquartz grains.

Accord

ing to the classification of Folk (1965), one would prefix
the rock names with the term "quartzose,»

Thus the samples

can be termed quartzose graywacke, quartzose subgraywacke,
and quartzose feldspathic graywacke, with the exception
of one sample which is a subarkose.

However, most of

the samples would be classified as orthoquartzites
in the field.

A photomicrograph of a quartzose gray

wacke is presented in plate II.
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Q pole

6A

lA

sG

fG

M pole

F
Q
sG
sA
fsG

-

orthoqviartzite
subgraywacke
subarkose
feldspathic subgraywacke

G
fG
lA
A

graywacke
feldspathic gray
wacke
impure arkose
arkose

Figure 6,- Mineralogical composition of Todos Santos
sandstones using the classification of
Folk (1965, p. 114).
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Four samples contain a matrix of sericitic clay and
hence are texturally immature.

The others have calcite

cement, hematite cement, or else no matrix or cement
at all, the grains being everywhere in contact with one
another.

The hematite cement provides the red color so

characteristic of many of the Todos Santos sandstones.
The one limestone unit of the Todos Santos was exa
mined in ten slabs from which eight thin sections and
seven acetate peels were made.

Most of the samples

are lime mudstone, some of which contain minor amounts
of algae(?) and clasts of corals.

Some samples contain

mostly lime mud, but distinct wavy laminations with
traces of finely disseminated fossil material resembling
algae suggests that the lime mud was trapped by gelatinous
algae in the form of an algal mat.

Thin-bedded wavy

laminations observed in the field in most of the Todos
Santos limestones suggests an algal mat origin for much
of this limestone (see plate I).

Hpwever, three samples

from a small hill at La Capellania are intraclast-oolith
lime packstones (see plate II).

Also, one sample from

locality 6IÔO7I is an intraclast-coral- green algae lime
packstone.

Environment of Deposition.— Most of the Todos Santos
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is believed to have been deposited in a continental or
transitional environment, based on the lithology and
the reddish color, which suggests an oxidizing environ
ment.

Richards (1963) suggested that the upper part

of the clastic sequence, including the marine lime
stone unit, was of a marginal marine environment
because of its non-red color in Chiapas.

However, in

the Chiantla area no pronounced color change is appar
ent except for the light-gray sandstones and conglom
erates at the top of the section, which are inter
bedded with thin layers of violet shale.

The lateral

discontinuity of these sandstones and conglomerates
suggests fluvial deposition as a possible alternative,
which could also account for the light color.

Un

fortunately, the writer did not have sufficient time
for a study of the sedimentary structures of the Todos
Santos terrigeneous rocks.

Such a study would be an

excellent thesis project for future students and
would make important contributions to an understanding
of the paleoenvironment of the Todos Santos.
The limestone unit of the Todos Santos formed in a
very shallow, possibly reef associated environment.
As mentioned above, much of the limestone is suspected
to have formed as algal mats and may have formed in
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th9 nearshore intertidal zone.

Other parts of the lime

stone are oolith lime packstones and possibly formed
along tidal deltas.

The abundance of corals in parts of

the limestone suggests that reefs may be expected locally,
but no true reefs were noted within the area.
Age and correlation.— Fossils, including sponges,
algae, and foraminifera, were found only in the lime
stone unit of the Todos Santos, but most of the fossils
have not yet been identified to generic level.

J. Harlan

Johnson identified the calcareous algae Caveuxia piae
Frolic from one of the writer^s samples.

This species

has its greatest development in the very upper part of
thè Jurassic and the very lower part of the Cretaceous.
Therefore the limestone unit may straddle the JurassicCretaceous boundary.

The Todos Santos Formation pro

bably ranges in age from Jurassic to Early Cretaceous.
A similar range was reported by Richards (1963, p. 1Ô67»
IÔ69 ) and Johnson and Kaska (1965).

Ixcoy limestone
The Ixcoy limestone of Cretaceous age crops out
over most of the area of the Chiantla quadrangle.
The formation covers most of the Cuchumatanes plateau
as well as the southern slopes of the Cuchumatanes in
the vicinity of Aguacatan.

The rocks in those areas
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are called the northern facies.

Another facies of the

Ixcoy, called the southern facies, crops out along a
series of complex fault blocks bounded to the south by
the Polochic Fault (see geologic map).

These fault

blocks of the southern facies extend westward from the
alluvial valley of Aguacatan to the western edge of the
quadrangle.

In the vicinity of Chiantla the fault

blocks form large foothills.
Most previous workers in the region have misidentified the age of the large limestone foothills intruded
by serpentinites just north of Chiantla as well as the
carbonates of the lower slopes of the Ghchumatanes north
of Aguacatan; the exposures have always been mapped
as Permian.

However, the writer has noted innumerable

Cretaceous rudists in these limestones all along the
foothills north of Chiantla.

In fact the carbonates

are predominantly of a distinct facies of rudist-lithoclast lime packstones (southern facies).

This facies

of the Cretaceous carbonates is very-dark-colored and
consequently is easily mistaken for the dark Permian
limestones.

The rudistids can be easily observed at

kilometer 99*50 on RN9N above Chiantla.

Also, Cre

taceous foraminifera were found in limestones near the
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base of the Cuchumatanes north of Aguacatan by 0, H.
Bohnenberger, accompanied by the writer.
Mano (1ÔÔ3, p. 308) assigned a Paleozoic age to
limestones in the region north of Chiantla.

Sapper

(1899) later mapped the foothills above Chiantla as
Carbonkalk; his information was obtained from two tra
verses across the area.

He did not mention the age of

the rocks in his text, but in profile I6 (due north of
Chiantla) he indicated Cretaceous carbonates with minor
amounts of Santa Rosa shales along the foothills.

How

ever, in profile 17 (northwest of Chiantla) he indicated
only Carbonkalk and Santa Rosa along the foothills.

The

writer noticed fragments of Libertad slate in the soil
profile just northwest of Chiantla, but these fragments
were interpreted as alluvial deposits along a small
terrace formed by the Rio Selegua.

Hpwever, the Polochic

Fault is along the present valley of the Rio Selegua in
that part of the area, and a small sliver of Paleozoic
rocks is not unlikely.
Termer (1932) also mapped the above mentioned Creta
ceous strata as Carbon-Kalk.

The following quotation

was translated by the writer from Termer (p. 17):
Just beyond the town of Chiantla there ensue dark,
partially brecciated limestones, which, as earlier
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discoveries have shown, are assigned to the Carbonif
erous and belong to the narrow zone of this formation
which can be followed to the east along the entire
southern slope of the Cuchumatanes.
The earlier discoveries mentioned by Termer probably
refer to Sapper (1899), but Sapper did not mention
Paleozoic fossils in these strata.

Termer (1936)

stated that he considered the limestone at the foot of
the Cuchumatanes above Aguacatan to be Paleozoic only
on the basis of lithology.
Roberts (Roberts and Irving, 1957), following the
interpretations of Sapper and Termer, incorrectly map
ped the foothills as Chochal in his study of the
Chiantla-San Sebastian mining district.
The Ixcoy has an estimated thickness in the area of
about 1500 meters.

The thickness was estimated by

measuring the relief of the Cuchumatanes in the eastern
edge of the area.

This is considered significant

because the lower boundary of the Ixcoy is exposed in
that part of the area along the Rio Palob, and the
lower part of the Ixcoy sequence is present near La
Estancia along the Rfo Blanco.

The upper boundary of

the Ixcoy is not present in the eastern part of the
Cuchumatanes, but, since the overlying Sepur Formation
is present a few kilometers to the northwest, the writer
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assumes that not much of the Ixcoy sequence has been
eroded from the higher elevations.

A measured section

with neither the base nor the top of the formation
exposed yielded a thickness of more than ÔÔO meters
(plate VIII).

Walper (I960, p. 1297) reported a

minimum thickness of 5550 feet /I 69O meters/ from an
incomplete measured section in the Chixoy Valley near
San Cristobal, Alta Verapaz.

Gutierrez (1956, p. 25)

indicated a thickness of 2Ô5O meters for the Creta
ceous carbonate sequence in Chiapas, and Lloyd and
Dengo (i960, p. 210) reported a thickness greater than
12,000 feet / ^ 6 6 0 meters/ in the Peten area.
The lowermost Ixcoy everywhere consists of brecciated dolomite and limestone.

The breccias consist

mostly of angular clasts of dolomite or limestone in a
matrix of very-fine-grained sparry calcite.

The brec-

ciation is believed to be caused by evaporite solution
collapse, which is discussed later in detail.
A section was measured in the breccias at locality

62199# (see plate VIII).

The total thickness of the

breccias in that area was about 250 meters, but the
base was not exposed.

The breccias generally grade

upward into highly fractured sucrosic dolomites, but in
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the area of the measured section all of the dolomites
were brecciated.
In the northern facies of the Ixcoy the dolomites
are overlain by a very thick sequence of buff, fine
grained, sublithographic limestones, which locally
contain large rudists.

A section was not measured in

the northern facies, but a traverse was made across the
outcrop belt from the base to the top from which four
teen representative samples were collected at approxi
mately equal intervals.

The samples are described

below in order to show the vertical variation in lithology within the northern facies.
Top of section

14. Limestone; buff; very-coarse-grained calcirudite; abundant large rudists, including
Barrettia: rudist-lithoclast(?) lime packstone (? ).

13. Limestone; buff; calcarenite; abundant foraminifera, including miliolids; slightly
mottled: foraminifera lime packstone.
12.

Limestone, as above.

11.

Limestone; buff; calcarenite; abundant rudist
fragments and foraminifera, including
miliolids: rudist-foraminifera lime packstone .

10.

Limestone; buff; calcarenite; crinoid columnals, rudist fragments, and abundant fora
minifera, including miliolids: crinoidrudist-foraminifera lime packstone.
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9.

Limestone, buff, calcilutite: foraminifera
lime wackestone.
Limestone; buff; calcarenite; abundant green
algae and foraminifera, including miliolids:
green algae-foraminifera lime packstone.

7.

Limestone, buff, calcarenite, abundant fora
minifera, highly mottled by selective recrystallization: foraminifera lime wackestone(?) pseudobreccia. Photograph in
plate III.

6.

Limestone; buff; calcarenite; abundant
foraminifera, including miliolids; partly
brecciated tectonically(?): foraminifera
lime packstone.

5.

Dolomite breccia; buff; clasts of finecrystalline dolomite in a matrix of coarse
grained, sparry calcite; probably brecciated
by evaporite solution collapse. Photograph
in plate III.

4.

Limestone, buff, calcarenite, abundant fora
minifera, mottled by selective recrystalliza
tion: foraminifera lime packstone pseudo
breccia.

3.

Limestone, as above except foraminifera lime
wackestone(?) pseudobreccia.

2.

Limestone breccia; dark-gray clasts of
recrystallized limestone in light-gray matrix
of fine-grained, sparry calcite; also veins of
coarse-grained, clear, sparry calcite; proba
bly brecciated by evaporite solution collapse.

1.

Dolomite breccia; ligh-gray clasts of finecrystalline dolomite in matrix of very-finegrained, sparry calcite; probably brecciated
by evapofite solution collapse.
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Ignoring brecciation and mottling effects, one can
see from the above descriptions that the limestones of
the northern facies are generally very similar.

However,

the uppermost sample is a rudist~lithoclast(?) lime
packstone in which the lithoclasts(?) consist of re
worked foraminiferal limestones similar to the under
lying limestones.

Similar lithoclastic limestones are

present locally throughout the upper part of the lime
stone sequence in the northern facies.
Two additional types of limestone are also common
in the northern facies.

Miliolid lime mudstone is

fairly common in the lower part of the section in the
southeastern part of the area.

For example, it crops

out at the spring of the Rio San Juan near Aguacatan.
Dolomitic, burrowed lime mudstone is present along the
southern slopes of the Cuchumatanes west of the Rfo La
Barranca.

The burrows in these lime mudstones have

been largely dolomitized.
Some shale beds are present in the northern facies,
especially in the upper part; however they are rarely
exposed.

A small exposure of medium-grained, mature,

quartz sandstone is present at the village of Tzapocolas
(locality 745097)*

This sandstone has distinct parallel
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laminations, which represent segregations of heavy
minerals.
The southern facies of the Ixcoy limestone consists
predominantly of dark-gray calcarenites or coarse
calcirudites composed of fragments of rudists and pre
existing limestone (lithoclasts) (see plate III).
Typical rocks of this facies can be observed along the
road north from Chiantla near a contact with serpentinite at locality 678986.
Some areas mapped as southern facies are very
similar to the rocks of the northern facies.

This is

especially true along the eastern extension of the
southern facies.

Such a relationship probably indi

cates interfingering of the two facies in that area.
However, the areas mapped as southern facies

are

separated from the northern facies by a large, possibly
strike-slip fault as well as a large thrust fault.

One

therefore cannot be sure of the relations between the
two facies.

Many of the lithoclasts of the southern

facies are considerably darker than any other known
limestone in the Ixcoy of the Chiantla area, and the
abundant rudist fragments associated with the litho»
clastic limestones have no known source in adjacent
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exposures*

Either the source rocks for the lithoclasts

and rudist fragments were originally present in the areas
now adjacent to the southern facies, which have been
subsequently uplifted and eroded, or else the southern
facies has been separated from its source rocks by
strike-slip faulting along the Polochic Fault Zone.
A stratigraphie section was measured in the southern
facies about five kilometers northwest of Chiantla near
locality 619010 (see plate VIII).

The lower 250 meters

are dolomite breccia, which was discussed earlier.
Above the breccias is an interval of very-thin-bedded
fissile shale, sandstone, and limestone about I ^ 0 meters
thick.

This interval is overlain by similar rocks

interbedded with thick massive beds of lithoclastic
limestone, but a large serpentinite intrusion in these
rocks prohibited the measurement of their true thick
ness.

The remainder of the section consists almost

entirely of rudist-lithoclast lime packstones and grainstones, the typical lithology of the southern facies.
The lithoclastic limestones have a total thickness of
about 500 meters.
The lithoclastic limestones are overlain by about
25 meters of very-light-gray, recrystallized fora-
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minifera lime grainstones(?), which resemble litho
graphic lime mudstones in the field.
A few meters of partly brecciated dolomite is
present near the top of the section, but, since a large
fault is nearby, the dolomite may not belong to the
sequence.

Carbonate breccias
The Ixcoy limestone is characterized by the presence
of various types of carbonate breccias, as can be seen
from the rock descriptions of the northern facies on
pages 64 and 65.

Five types of breccias are recognized:

(1 ) depositional breccias (lithoclastic limestones),
(2 ) tectonic breccias, (3) evaporite solution collapse
breccias, (4) caliche breccias, and (5) pseudobreccias.
In many exposures two or more types of breccias can be
recognized in the same rock.
Depositional breccias are the most common type of
breccia in the area.

These breccias are coarse-grained,

angular, lithoclastic limestones.

The breccias consist

of angular to subround fragments of pre-existing lime
stone and angular rudist fragments.

The fragments may

be embedded in a matrix of either lime mud or sparry
calcite cement.

However, an unusual but characteristic
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featiire of the limestones is the complete absence of
matrix and cement.

The fragments are commonly in

stylolitic contact with one another, indicating extreme
pressure solution of the original matrix as well as
part of the fragments.

The pressure solution has

created angular fragments, thus these rocks can easily
be mistaken for breccias of non-depositional origin.
The lithoclasts themselves consist predominantly of
lime mud with varying amounts of foraminifera and other
microfossils.

The clastic fragments are almost always

lithoclasts or rudist bioclasts; very little terrigeneous silicate material is present.
The fauna and lithology of the lithoclasts are
similar to non-lithoclastic limestones of the Ixcoy.
The depositional breccias are therefore intraformational.
That the limestones consist of true lithoclasts,
and not mere intraclasts, is evidenced by the following
features: (1) angularity of many of the fragments, (2)
large size of some of the fragments, (3) lack of
draping during compaction, (4) extreme pressure
solution along points of contact, (5) the even trunca
tion of fossils at the margins of the fragments, (6)
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fragments of lime grainstone^, (7) great lithologie
variability among lithoclasts of the same hand speci
men, and (Ô) the great thickness of some deposits
(500+ meters).

The fragments of lime grainstone are

virtual proof of subaerial exposure and can only be
lithoclasts, because indurated lime grainstones are
not known to form in submarine conditions and thus
cannot form intraclasts.

Photographs of lithoclastic

limestones from the Ixcoy are shown in plate III.
Similar lithoclastic limestones were also recog
nized in the Cretaceous of the Tampico region (Bonet,

1952) and in Alta Verapaz by Walper (I960).
Post-depositional tectonic breccias are common in
the area as a result of intensive fracturing of the
region during the Cretaceous and Cenozoic.

The degree

of brecciation varies considerably, depending upon
proximity to faults.

The tectonic breccias can

generally be recognized by their proximity to faults
and by the discontinuous nature of the brecciation
along strike.

Tue breccias generally consist of very

angular clasts of similar lithology in a matrix of

^Suggested by Dr. C. H. Moore, Jr., of Louisiana State
University.
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clear, sparry calcite.

The shape relations between

adjacent fragments is an excellent identifying
characteristic of this breccia type, that is, neigh
boring fragments comraonly have matching edges.
Karst topography is well developed in the area and
is largely controlled by the same fractures that
control tectonic brecciation.

Consequently, local

collapse breccias due to solution of limestone must
be present, but these would be exceedingly difficult to
distinguish from the tectonic breccias.

Genetically

and temporally they may be transitional to each other.
Measured sections of the Ixcoy limestone show a
thick, pronounced sequence of carbonate breccias,
mostly dolomite, in the lower part of the section.

The

breccias generally consist of angular clasts of dolomite
in a matrix of sparry calcite (see plates II and III).
The writer encountered these breccias in the Chiantla
area, and Walper (I960), Lattimore (1962), Anderson
(1966), Boyd (1966), Davis (1966), and Bonis (1967)
noted them elsewhere in Guatemala.

The excellent

porosity of these breccias earlier whetted the
writer's interest in their potential as a petroleum
reservoir.

However, wells drilled in the Peten Basin

R eproduced w ith perm ission o f the copyright owner. Further reproduction prohibited w itho ut perm ission.

73

to the northeast indicated no breccias of this type but
rather a sequence of evaporites up to 8000 feet (2440
meters) thick.

Lloyd and Dengo (I960, p. 210) mention

that the evaporites appear to be restricted to the
lower part of the Cretaceous carbonate section in areas
south of the basin.
The most obvious explanation for the dolomite
breccias in the lower Ixcoy is that they resulted from
solution of the evaporites, which are very limited
and highly discontinuous in surface exposures.

Some

very-thin, discontinuous gypsum beds are locally
present along the Todos Santos - Ixcoy contact, and
one large mass of gypsum is exposed along the Polochic
Fault at the extreme eastern edge of the quadrangle.
Also, thick deposits are presently being mined a few
kilometers east of the area.

Middleton (1961, p. 191)

noted a similar relationship in the Madison Group of
southwest Montana, where limestone breccias at surface
exposures are correlative in the subsurface with nonbrecciated limestones overlying evaporites.

Breccias

of similar origin are well documented in other areas
such as the Mackinac breccia in the Mackinac Straits at
the edge of the Michigan Basin (Landes, Ehlers, and
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Stanley, 1945) and the Leduc Formation of Alberta
(Stanton, 1966).
The evaporite solution hypothesis easily accounts
for the close association of these breccias with dolo
mite in the lower part of the Cretaceous section, since
dolomites are commonly associated with evaporite facies
(Murray and Pray, 1965, p. 2).
As mentioned above, other workers have noted and
described the breccias which the writer considers to
have formed by evaporite solution collapse.

Walper

(i960, p. 1296) was probably the first geologist to
propose an origin for the breccias, but he considered
them to be either depositional breccias or pseudo
breccias.

Lattimore (I962) noted shale conglomerates

overlain by "boulder beds" of angular carbonate
boulders in a clay matrix at the base of the Ixcoy near
Paiconop in Huehuetenango.

The carbonate boulders

themselves were breccias consisting of several types of
carbonate clasts in a matrix of fine-crystalline
occluded dolomite.

Lattimore (p. #5-##) considered

these carbonate breccias in the "boulder beds" to be of
depositional origin and postulated an origin similar to
that proposed by the writer for the lithoclastic lime-
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stones of the Chiantla area.

Lattimore suggested that

the shale conglomerate may have originated by submarine
slumping and that the "boulder beds" themselves may
have formed by soft sediment deformation or else by
carbonate solution collapse (p. ÔÔ-Ô9).

However, the

descriptions and photographs of the carbonate breccias
within the boulder beds leave little doubt that these
breccias are the same as those called evaporite
solution collapse breccias by the writer.

Furthermore,

multiple breccias such as "boulder beds" of carbonate
breccia have been noted in evaporite solution collapse
breccias in the Chiantla area.

Also, shale clasts and

some clay matrix has been noted in evaporite solution
collapse breccias in the area.

The writer therefore

suspects that the breccias, conglomerates, and "boulder
beds" reported by Lattimore at the base of the Ixcoy are
of evaporite solution collapse origin.

Bonis (196?, p.

Ô7) suggested solution collapse, among other mechanisms,
as a possible origin for these breccias in the Coban
Formation in Alta Verapaz.
Pseudobreccias occur locally in the Chiantla area
and have been reported from Alta Verapaz by Walper
(i960).

Bathurst (1959) reviewed the origin of pseudo-
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breccias and concluded that they are produced diagenetically by grain growth.

Bathurst stated that "the

fragments /of the pseudobreccias7 are islands of more
advanced grain growth mosiac embedded in a 'groundmass'
of less altered limestone."

Some of the pseudobreccias

in Guatemala may form in such a manner, but most appear
to be formed by recrystallization of the "groundmass"
rather than of the "fragments" (see plate III).

In

either case a change in grain size is not easy to de
tect, but the areas that have undergone recrystalliza
tion appear much lighter in color than the rest of the
rock, thereby causing a distinct brecciated appearance.
In some rocks recrystallization seems to be initiated
along minute zones of fracture in the limestone.
Surficial breccias of dolomite and/or limestone
clasts in a caliche matrix are present along the base
of many carbonate slopes.

Many of the caliche brec

cias form by precipitation of caliche in surficial
rubble of weathered carbonates; others form by the
precipitation of caliche in veinlets dissecting the
rocks.

The latter type of breccia is commonly super

imposed on breccias of evaporite solution collapse
origin; the two types are not readily distinguishable.
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Carbonate petrology»— One hundred and six samples of
the Ixcoy limestone were slabbed.

Twenty three thin sec

tions and fourteen peels were also taken from the samples
slabbed.
The petrology of these samples is reported else
where in this report under discussions of the various
rock types.

Most of the samples are from the measured

section of the southern facies and are further described
in plate VIII.

Environment of deposition.— The carbonates of the
Ixcoy appear to have been deposited in warm, shallow
marine waters of varying salinity and energy conditions.
The evaporites and dolomites in the lower part of the
section indicate a shallow, restricted, high salinity
environment.

The lime mudstones, wackestones, and pack

stones of the northern facies contain abundant forams,
mostly miliolids, and green algae, which suggest a "backreef" or broad, shallow shelf environment.

The high lime

mud content of this facies suggests very low energy levels.
The thickness of the carbonate sequence suggests that the
shelf was rapidly subsiding.
The thick deposits of lithoclastic limestones
(500/ meters) suggest that the shallow shelf was under-
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going periodic local uplift, probably by faulting.
Faulting produced emergent areas from which fragments
of lithified limestone were eroded and redeposited in
adjacent submerged areas, thus forming the lithoclastic
limestones.

In figure 7 are shown hypothetical cross

sections which illustrate the proposed method of for
mation of these limestones.

The high percentage of

large, angular fragments of rudists associated with many
of the lithoclastic limestones further suggests that the
faulting partly controlled the distribution of the rudists.
Rudist bioherms may have formed on the edges of uplifted
blocks and were later eroded and redeposited along with
the lithoclasts.

Fault control of deposition is also

suggested by the location of the southern facies, mostly
rudist-lithoclastic limestones, within the Polochic Fault
Zone.

Such an association perhaps indicates Cretaceous

movements along this fault system, which may have formed
a trough in which the thick sequence of lithoclastic
limestones was deposited.

In the western part of the

southern facies these limestones are presently preserved
in a large structural graben between two major faults
of known large vertical displacement (see geologic map).
Furthermore, fault controlled intrusion of serpentinites
were emplaced along the Polochic Fault Zone during the
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Figure 7.- Hypothetical cross sections across the Chiantla area during Turonian-Senonian
time illustrating the deposition of the lithoclastic limestones (stippled) of the
Ixcoy.
Scale approximately 1 cm = 1000 m. However, the depth of water is
greatly exaggerated.
A.- Local emergence along faults, with resulting erosion and deposition in adjacent
submerged areas.
,
B.- Emergent areas eroded down to base level. Rudist bioherms perhaps developed
along the shallow platforms.
C.- Rejuvenation of faulting, repetition of A. Repeated emergence and erosion results
in a thick sequence (500+ meters) of lithoclastic limestone along the Polochic
Fault Zone.
-< 3

VO

èo
Cretaceous prior to deposition of the Sepur Formation
(see page Ô3 ).

Therefore, the Polochic Fault is known

to have been present during the Cretaceous.
The writer does not think the thick sequences of
lithoclastic limestones can be satisfactorily explained
without faulting.

Another possible mechanism would be

periodic eustatic or tectonic sea level changes in an
area of large, massive, rudist reefs with steep sub
marine scarps.
might originate.

Under such conditions similar deposits
However, this mechanism is not favored

by the writer for several reasons:
(1)

no rudist reefs are known in the region, (2)

the relation between the southern facies and the
Polochic Fault Zone is not explained, and (3) the great
thickness of lithoclastic limestones in some areas is
difficult to explain as merely a result of reef detritus
deposition, especially since this thickness is not ex
ceeded by that of the reef talus in the large Permian
Reef Complex of west Texas and New Mexico (Newell, and
others 1953, p. 3#).
In summary, since the lithoclastic limestones of the
southern facies appear to be associated with the Polochic
Fault Zone, and since the fault zone was probably present
at the time of deposition, then the simplist explanation

R eproduced w ith perm ission o f the copyright owner. Further reproduction prohibited w ith o u t perm ission.

Ô1
for deposits of this nature is that they were indeed re
lated to faulting.

Age and correlation.— Vinson (1962) reviewed the
ages of the Coban and Campur Formations (Ixcoy limestone
of this report) and concluded that they range from
Neocomian to Campanian.

No fossils were collected from

the lower part of the Ixcoy in the Chiantla area, but
the rudist Barrettia was collected from the very top
of the carbonate sequence in the northern facies and
indicates a Campanian or Maestrichtian age.

Since the

Sepur in the area also has a Campanian-Maestrichtian
fauna, the upper limit of the Ixcoy in the area will be
assumed to be Campanian.
The lithoclastic limestones of the southern facies
contain both radiolitid and hippuritid rudist frag
ments, which Dr. B. F. Perkins considers to be TuronianSenonian (pre-Campanian) in age.
As mentioned earlier, the Ixcoy limestone is lithologically equivalent to both the Coban and Campur lime
stones as defined by Vinson.

It is also lithologically

equivalent to the Atima Formation of western Honduras
(Hugh, 1955) and southeastern Guatemala (Clemons, 1966),
and to the Sierra Madre formation of Chiapas, Mexico.
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Sepur Formation
The Sepur Formation in the area consists of red bed
shales and siltstones with a thick limestone sequence.
The formation is exposed only along a downfaulted syncline in the vicinity of Tuinima (see geologic map).
A section was measured in the Sepur at location

695140 near Tuinima (plate IX).

The top of the forma

tion is everywhere eroded, but the section indicates
a minimum thickness of about 245 meters for the Sepur.
The section began in rudistid-bearing, interbedded lime
stone and red shale, indicating a conformable contact with
the underlying Ixcoy.

Most of the section consists of

interbedded red to orange shale and red-brown, argillace
ous siltstone, with the beds averaging about 10 centi-*
meters in thickness.

Sole markings and evidence of con

temporaneous deformation were noted in the siltstone beds
elsewhere.

A 25 meter interval of lithoclastic limestone

Is present near the top of the sequence. The limestone
ranges from calcarenite to coarse calcirudite.
Along a roadcut in the formation near Chemal, Dr.
C. H. Moore, accompanied by the writer, noted several
burrows in red-brown shales of the lower part of the
section (plate I).

The attitude of these burrows in

dicate that the strata are not overturned as was sus
pected by Lattimore (1962, p. 90-91).
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The sandstones and siltstones of the Sepur contain
a large quantity of hornblende and chromite grains,
which have been reworked from the serpentinites in
the area.

These grains indicate that the serpentinite

was exposed during deposition of the Sepur.

It is the

oxidation of such heavy minerals that imparts the red
color to these rocks.

Carbonate petrology.— The limestones of the Sepur
were studied in five slabs and three thin sections.
All of the limestones were lithoclastic; they consist of
angular fragnents of rudists and lithoclasts (mostly
foraminifera lime packstones) with minor quantities of
the large foraminifera Pseudorbitoides.
of shale pebbles are also present.

A few clasts

Extreme pressure

solution has created stylolitic boundaries between
grains and has removed most of the matrix (see plate
III).

However, about five per cent sparry calcite

matrix can be found in all samples studied.

The lime

stones can therefore be classified as rudist-lithoclast
lime grainstones.
Both the rudists and the Pseudorbitoides are abraded,
and some can be found attached to lithoclasts.

They

therefore have been reworked along with the lithoclasts
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and cannot be used to date accurately the time of
deposition.

Pseudorbitoides. which is Campanian-

Maestrichtian in age, was not noted in the Ixcoy
limestone.

Therefore the limestone source was prob

ably from within the Sepur in some nearby area.
Vinson (1962) reported limestones biostratigraphically equivalent to the Sepur in the Peten area of
Guatemala, which he called the Lacandon Formationo
He indicates (figure 9) that the limestone facies can
possibly be expected about 75 kilometers northeast of
the area of Sepur exposures in the Chiantla area.
The lithoclastic limestones are similar in litho
logy to those in the Ixcoy, but in the Sepur they are
characteristically very-light-gray, whereas those of
the Ixcoy are generally very-dark-gray, with some
exceptions (see plate III for a comparison).
&ivironment of deposition.— The Sepur in the
Chiantla area was probably deposited in a nearshore
marine environment as indicated by the presence of
burrows.

The well-winnowed lime grainstones suggest a

high energy environment such as would be found in shal
low marine conditions.

The red color does not neces

sarily indicate a continental environment; the minerals
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which provide the red color could have been oxidized in
the source area or by recent weathering of the rocks.
The presence of the lithoclastic limestones indica
tes that faulting continued in the region at least
through the Cretaceous, periodically uplifting por
tions of the sea floor. Bonis (196?, p. 112) also sug
gested contemporaneous faulting to explain similar
limestones in Alta Verapaz.
Age and correlation.— Vinson (1962) and Lattimore
(1962) both concluded that the Sepur in the Cuchuma
tanes is Campanian to Maestrichtian in age.

The

writer can only add that the fauna of the limestone
lithoclasts are of Campanian or Maestrichtian age and
that the fauna of the uppermost Ixcoy is also Campan
ian or Maestrichtian.

The lithoclasts contain

Pseudorbitoides. Bolivina, and Globotruncana fornicata
among other foraminifera.
The Sepur in the area, which was called the Chemal
Formation by Vinson, is lithologically correlative with
the Sepur beyond the Cuchumatanes.

However, Vinson

(1962, p. 440) suggested that it is perhaps slightly
older than the Sepur elsewhere.

It is biostratigra-

phically equivalent to the limestones of the Lacandon
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Formation in the Peten area and with the Ocozocuautla
formation of Chiapas as defined by Gutierrez (1956,
p« 23—24)•
Serpentinite
Intrusions of serpentinite are exposed just north
of the Polochic Fault between Aguacatan and the western
edge of the quadrangle (see geologic map).

The intrusions

occur as small, discontinuous bodies, the largest of
which is about one and one-half by three kilometers.
Termer (1932) and Roberts and Irving (1957, pi.9) in
their generalized maps indicated much more extensive
exposures in the area.
The serpentinites consist of peridotite (harzburgite)
that has been mostly altered to antigorite serpentine.
In some areas the rocks consist entirely of serpentine;
the peridotites have been completely replaced.

Traces

of nickel are reportedly present in the serpentinites,
and a feW grains of chromite have been noted in' thin
section.
The intrusions were probably emplaced as cold, plastic
solids by translation gliding of serpentine crystals.
Unyielding blocks of partly altered peridotite appear;
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to have been fractured and crushed by the movement.
The contacts between serpentinite and surrounding
sedimentary rocks are both irregular and straight.
The latter case implies that the emplacement of the
serpentinites was partly localized by pre-existing
fractures such as those related to the Polochic Fault
Zone.

However, the distinction between intrusions

along pre-existing faults and faulted serpentinites
is difficult, and both occur.
The sedimentary rocks intruded by the serpentinites
show some contact effects.

The nearby rocks, especial

ly shales, are commonly silicified and stained by min
erals derived from the serpentinite.

The serpentinite

contact also acted as a barrier to the movement of
hydrothermal solutions.

At kilometer 99*4# on road

RN9N, numerous veinlets of smithsonite (ZnCO^)
transect dark shales near the serpentine contact.
Disseminated pyrolusite (Mn02) also is present in
shales near the serpentinite at locality 6679^6.
The age of a serpentinite is usually a matter of
semantics.

The rock resulted from alteration of a

pre-existing rock, possibly within the earth’s mantle.
The alteration product, because of its great mobility,
could have intruded in several stages by remobilization
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during times of orogeny.

The serpentinites in the Chiantla

area intrude Paleozoic and Mesozoic rocks, but the latest
state of intrusion could have occurred at any later time.
The latest known period of movement in the area is younger
than Turonian-Senonian, the age of the youngest rocks
intruded.

As the Sepur formation of Campanian-Maestrich-

tian age contains heavy minerals that were derived from
the serpentinite, intrusion is known to have occurred at
least that early.

In summary, intrusion occurred at least

as early as Senonian and may still be active.

CENOZOIC ROCKS
The Cenozoic rocks consist of pyroclastic deposits
of Quaternary and perhaps Late Tertiary age, and alluvial
deposits of Quaternary age.

These deposits are mostly

found at the foot of the Cuchumatanes in the vicinity
of Chiantla and Aguacatan, where they occur as valley
fill.

However, scattered patches of pumice and alluvium

occur in the Cuchumatanes, generally in sink holes and
interior basins associated with karst topography.

One

small lacustrine deposit was noted on the slope of the
Cuchumatanes above La Estancia.
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Pyroclastic Deposits
The pyroclastic deposits consist of pumice and
pumiceous welded tuff.

The pumice deposits are by

far the more widespread of the two and attain thick
nesses in excess of 80 meters.
Pumice deposits.— Two different pumice deposits
were distinguished in the valley fill near Chiantla
and Aguacatan.

The younger deposit generally consists

of light-colored pumice that forms plains with dis
tinctly level surfaces such as at the airport west of
Huehuetenango.

These surfaces are partly dissected

by erosion but maintain broad, flat-topped divides.
The extreme youthfulness of the topography suggests a
Quaternary age.

The older deposit is darker-colored

due to staining and is more highly fractured than the
younger.

It occurs as small, highly dissected, iso

lated hills that project above the surrounding level
of younger pumice.

The mature dissection of this

deposit as well as its more highly stained and
fractured appearance suggest that it is the older of
the two pumices; its age may be Late Tertiary.

Gen

erally the two pumices cannot be distinguished except
by their particular landform.

However, the contact

between the two can usually be mapped rather accurately
with aerial photographs on the basis of landform.
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Both pumice deposits are lithologically similar;
they consist of pumice lapilli in a groundmass of
pulverized pumice.

They are generally unsorted and

unstratified, but in some areas they are sorted, stra
tified, and interbedded with stream alluvium.

In

these areas the deposits are definitely water laid.
On the plateau surface of the Cuchumatanes only
the younger pumice is present.

It is found in small

sink holes or larger interior basins.

Most of the

pumice is poorly sorted and nonstratified, but in
places it is stratified and moderately sorted, indi
cating water deposition.

Numerous thin, clay laminae

within the deposits represent either successive rains,
successive annual seasons, or succesive pumice falls.
Williams (I960, p. 3) suggested that the pumice
deposits in the Chiantla area were largely of
glowing avalanche origin.

The fact that the pumice

occurs in flat-topped deposits of largely unsorted
and unstratified valley fill was considered evidence
for such an origin.

Most water laid pumice is ex

pected to be sorted and stratified, and normal air
borne pumice fall is draped over both hill and valley.
The presence of charcoal fragments in the pumice
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also led Williams to advocate a glowing avalanche origin.
However, objections to a glowing avalanche origin
can be mentioned.

Firstly, the pumice is identical to

that of known pumice falls; elsewhere in Guatemala; no
welding of the particles is noted as would perhaps be
expected in a typical glowing avalanche deposit.

Secondly,

identical pumice is found in numerous deposits in the
Cuchumatanes at elevations up to 3200 meters.

Some of

the pumice in the Cuchumatanes is undoubtedly water
laid, yet in many places it also is unsorted and unstrati
fied.

It also forms flat valley fill such as the large

deposit at Hacienda Chancol.

A pumice fragnent seven

centimeters in diameter was collected from this deposit
at an elevation of almost 3100 meters.

Williams (I960,

p. 13) suggested that the pumice at Chiantla perhaps had
a source at Tecum Uman Ridge between Totonicapan and
Chichicastenango about 50 kilometers from the Chiantla
area.

A glowing avalanche from this distance could not

be expected to ascend the kilometer-high slopes of the
Cuchumatanes.
As the writer is not entirely convinced of the glowing
avalanche origin for the pumice deposits, the following
explanation is offered as a possible alternative.

Large

quantities of air-bome pumice rained down on the area
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from a distant source.

Loose unconsolidated pumice

that fell on the steep mountain slopes was rapidly
transported to the valleys by mass movement as well as
sheet flooding and stream transport.

The transported

pumice was deposited over and intermixed with non
transported pumice fall.

Mass movement left the

deposits unsorted and unstratified and with a reason
ably flat upper surface.

Sheet flooding and soil

creep would account for the occurrence of the pumice
as flat-topped valley fill.
The presence of the charcoal fragments is the key
criterion supporting the glowing avalanche origin.
However, perhaps the material is not actually charcoal
but almost identical, porous, carbonized wood that
formed without high temperature.

The wood could have

become carbonized under oxidizing conditions without
the necessity of high temperature.

The retention of

high porosity could be attributed to a lack of heavy
overburden and to the high crushing strength of pumice.
Welded tuff.— Welded tuff (ignimbrite) is present
along the Rio Blanco, where it is exposed beneath the
younger pumice deposit.

Its relation to the older

pumice deposit is unknown.

The tuff consists of lapilli

of pumice and other volcanic rock fragments in a matrix
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of welded glass shards.

These tuffs are probably of

glowing avalanche origin.

Quaternary alluvium
The areas mapped as Quaternary alluvium include
stream terraces, alluvial fans, and recent flood
plains.

In the Cuchumatanes, conglomeratic basin fill

resulting from mass movement as well as water transport
was also mapped as alluvium.
are locally derived.

The deposits of basin fill

In the vicinity of Chiantla

there are unusual deposits which appear to be deeply
weathered Libertad slate.

However, they were inter

preted as alluvial or mass movement deposits composed
almost entirely of Libertad fragments.

Such deposits

can be observed east of Chiantla interbedded in very
recent gravels of the Rio Selegua, which drains an
area of Libertad exposures along the slopes of the
Cuchumatanes.

Quaternary lacustrine deposit
A lacustrine deposit was observed midway up the
slope of the Cuchumatanes at locality Ô75995»

The

deposit consists of poorly indurated clay shales and
some sandstones.

The shales contain abundant plant
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fragaents, which are partly carbonized.
estimated to be Pleistocene.

The age is

Small lakes still exist

in the area, for example, Laguneta Tucuna.

Faults

are also known in the area; the lakes were probably
formed by Pleistocene movements which disrupted local
drainage.
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S T R U C T U R A L

G E O L O G Y

REGIONAL STRUCTURE
Central America is geologically divided into two
parts: (1) nuclear Central America, and (2) the Isthmian
Link (Sapper, 1&99, p. 73-#0; 1937, p. 49-65).

Nuclear

Central America consists of a geanticline of ancient
folded and faulted rocks trending eastward frcmi Chiapas
across Guatemala, El Salvador, Honduras, and northern
Nicaragua.

Nuclear Central America is an eastward

continuation of the Sierra Madre del Sur of southern
Mexico; It is also the western part of the Antillean
geanticline as defined by Schuchert (1935, p. 11-17),
a pre-Permian mobile belt extending from northern Central
America to the Greater Antilles.

The Isthmian Link is

a Cenozoic landbridge in Panama, Costa Rica, and south
ern Nicaragua, which connects Nuclear Central America
to South America.
The Chiantla area is along the flank of the geanti
cline, where the pre-Permian crystalline rocks become
covered to the north by younger sedimentary rocks of
Permian and Mesozoic age.

The sedimentary rocks north

of the geanticline are folded and faulted and comprise
a mountain range of folded sedimentary rocks which extends
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across Guatemala forming a distinct physiographic
province, which Vinson (1962, p. 427) termed the fold
ed and faulted mountain highlands.

Included in this

larovince are the Cordillera de los Cuchumatanes in
northwestern Guatemala, the Sierra de Chama in central
Guatemala, and the Sierra de Santa Cruz and Montanas
del Mico in eastern Guatemala.
As seen in figure 1, two major fault zones extend
across Guatemala from the Caribbean to northwestern
Guatemala.

The northernmost fault zone, the Polochic,

passes through the southern part of the Chiantla area.
These two fault zones are believed to bound the Bart
lett Trough of the Caribbean (Taber, 1922).

The

movement of the faults is unknown; some geologists
have suggested that the faults are strike-slip in
origin, for example, Hess and Maxwell (1953), whereas
others such as Walper (I960) and McBirney (1963) noted
large vertical displacements but found little evidence
for strike-slip movements.

LOCAL STRUCTURE
The area is dominated by large structures such as
the Polochie Fault Zone and a thrust sheet of Paleozoic
rocks.

The area is highly fractured by small high-
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angle faults and is partly traversed by north-west
trending folds.

Faults
A zone of high-angle faults, the Polochic Fault
Zone, crosses the southern part of the area, separat
ing crystalline rocks on the south from sedimentary
rocks and slaty shales to the north.

The zone of

faulting is largely covered by valley fill

of pumice

and alluvium, but it is clearly exposed along the divide
between eastward and westward drainage in the southern
part of the area.

The strike of the fault zone is

essentially W 05°W.
A wide zone of breccia and cataclasite is associated
with the fault zone along the R i o

Buca.

To the north

of the main fault is a zone of highly crushed, slickensided carbonate breccia (about 50 meters wide), where
as to the south is a gneiss of cataclastic origin that
has developed from

plutonicC?) and metamorphic rocks.

The cataclasite extends beyond the map area and is at
least one kilometer in width (see geologic map).

How

ever, throughout the area where the fault zone is exposed,
a sharp boundary generally separates metamorphic rocks
to the south from sedimentary rocks to the north, even
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though the rocks may be brecciated.
In the Chiantla area the Polochic Fault has a minimun throw separation (down to the north) of about 2500
meters, since crystalline rocks are faulted against
the Ixcoy limestone along most of the fault (see struc
ture sections, plate X).

The displacement of the

en

tire Paleozoic section and the Todos Santos, which
have a very minimum thickness of about 2500 meters,
suggests the minimum amount of throw separation.

How

ever, an enormous, resequent fault-line scarp, the
southern edge of the Altos Cuchumatanes, bounds the
fault to the north.

Although the deformed sediments

in this northern block may be more resistant to
erosion than the older crystalline rocks on the south
ern block, other geomorphic evidence indicates that
differential erosion alone is not responsible for the
escarpment; instead, it is mainly due to fairly recent
uplift (about 1000 meters) of the northern block,
which is the converse of the total throw separation
(at least 2500 meters).

Such a major reversal in

direction of vertical movement suggests that the
fault may be mainly strike-slip in character.
The wide zone of cataclasite and fault breccia
also suggest strike-slip movement.

Wide belts of
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similar cataclastic rocks are common along major
strike-slip fault zones elsewhere; for example, Reed
(1964) described such rocks along the Alpine Fault of
New Zealand.

Kupfer and Godoy (196?) report evidence

for recent left-lateral strike-slip movements along
the Polochic Fault on the basis of offset drainage
patterns.

Numerous earthquakes, youthful topography,

faulted pumice deposits, and areas of disrupted
drainage suggest that the fault is still active.
Stevens (1927) earlier reported physiographic evidence
for recent movements of the fault in the Chiantla area.
Within the carbonate breccia north of the fault
along the Rio Buca, slickensided planes of movement
are generally almost vertical, although some horizon
tal striations were noted.

However, these vertical

slickensides do not necessarily rule out strikeslip faulting.
A series of faults related to the Polochic Fault
Zone bounds blocks of Ixcoy limestone north of the
main Polochic Fault.

The largest of these faults

lies north of the large foothills of Ixcoy northwest
of Chiantla (see geologic map).

The stratigraphie

separation along this fault is apparently down to the
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south are greater than 2000 meters because Ixcoy: is
faulted against Libertad.

This fault and the main

Polochic Fault bound a large structural graben in the
area of the foothills.
Many faults and photo lineaments are mapped else
where in the area (plate X), the latter are probably
faults of small displacement.

The strikes of the frac

tures are plotted on a rose diagram (figure Ô).

Each

segnent of fractures with distinct bends are plotted
separately, as are each three kilometer interval of
long fractures.

A total of 225 fractures are plotted.

To obtain the Mesozoic and Cenozoic patterns, only
those fractures in Mesozoic rocks are plotted.

The

rose diagram shows three major sets of fractures;
approximately N35°E, N10°W, and N70%.

The N70°W set

includes some known reverse faults; it is also parallel
to numerous folds and is parallel to the front of the
thrust fault in the area.
The thrust fault mentioned earlier is in the south
west part of the area, where the fault has moved a thrust
sheet of Paleozoic rocks over Mesozoic rocks.

The plane

of the thrust fault strikes approximately N60°¥ and dips
southwest.

The actual fault plane was noted in only one

area (locality 743996); the dip was 20°S. However, the
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Figure 8,- Rose diagram for strikes of 225 fractures
from Mesozoic rocks (plotted in 10°
sectors).

irregular front of the thrust sheet, its relation to
topography, and the overturning of the nose of the
sheet in some areas indicate a low-angle fault.

The

thrust sheet is broken by numerous high-angle faults,
some of which now control the position of the thrust
front.
The relation between the thrust fault and the
Polochic Fault Zone in the subsurface is unknown.
The dip of the thrust could possibly steepen and
merge with the high angle Polochic Fault at depth.
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Folds
Although the structure is dominated by faults,
some folds in Mesozoic rocks were mapped in the north
west part of the area.

Many more folds undoubtedly

are present but are obscured by the numerous faults and
by a lack of continuous exposures.

The folds strike

approximately N65*^ and appear to be symmetrical with
steep dips on the flanks.

A large down-faulted syn-

cline at Tuinima preserves an outlier of Upper Creta
ceous red beds of the Sepur Formation.
APPLICATION OF THE WEENCH-FAULT CONCEPT OF
MOODY AND HILL TO THE CHIANTLA AREA
Moody and Hill (1956) amplified earlier theories
of secondary strain features, which were based on the
concept that faulting caused local reorientation of
stress.

For example, let us assume that a left-lateral

strike-slip fault exists whose strike is N#5°W (see
figure 9a).

According to Moody and Hill a second order

conjugate shear set might develop whose primary stress
direction will be approximately 15® away from normal
to the first order fault.

Second order drag folds

related to the new stress orientation will form with
strikes about 15® away from parallel to the first order
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fault.

Such a hypothetical relationship is indicated

in figure 9a.
Figure 9b shows the actual relation between the
Polochic Fault and second order(?) faults and folds
in the Chiantla area.

The fracture trends were ob

tained from figure S.

The

hypothetical structural

features (part a) calculated by using the concept of
Moody and Hill compare remarkably well with the actual
features observed in the Chiantla area (part b).
If such a comparison is valid, then the NIQOW
fractures should be right-lateral strike-slip faults
and the N35°E fractures should be left-lateral.

The

relative movement on these faults was not determinable
in the field.

However, the intersection of these

fractures with reverse(?) faults near the Sepur expo
sures generally suggest that they are in fact strike-slip
faults of small displacements.
In figure 9a folds are calculated to strike H70°W.
In the Chiantla area several large folds are present
which strike between N65®W and N70°W.

High angle

reverse faults and a thrust fault also strike about
N70°W.

These faults agree with the major stress direc

tion as calculated, but according to stress ellipsoid
theory they require a reversal in the position of the
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(a)
2nd order
right-lateral
Btrike-slip
faults

\
2nd order
left-lateral
strike-slip
faults
N85°W

1st order left—lateral
strike-slip fault

Polochic Fault

Figure 9,- Comparison of calculated second order
structural features (a) with actual
features in the Chiantla area (b).
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minor and intermediate stress directions.
In conclusion, the second order structural features
of the area can be adequately explained by the concept
of Moody and Hill if the Polochic Fault is assumed to
be a left-lateral strike-slip fault.

STRUCTURAL SUMMARY OF THE POLOCHIC FAULT ZONE
The writer considers that the Polochic Fault Zone
may be strike-slip in origin because of the following
evidence: (1) the wide zone of pre-Permian cataclasite,
(2)

extensive brecciation of Mesozoic rocks, (3) the

great width of the fault zone, (4) the linearity of
the fault zone, (5) the reversal in direction of largescale, vertical displacement, and (6) the second order
structural features, which may indicate that tlje zone
is a left-lateral strike-slip fault.

However, on the

geologic map, relative movement along possible strikeslip faults, both primary and second-order, is not in
dicated due to a lack of concrete evidence for these
movements.
An ancestral Polochic Fault Zone was probably pre
sent during the Paleozoic, as is indicated by the wide
zone of pre-Permian cataclasites along the fault zone.
That the fault zone was also present during the Cretaceous

R eproduced with perm ission o f the copyright owner. F urther reproduction prohibited w itho ut perm ission.

106

is suggested by the intrusion of serpentinites and by
the deposition of the lithoclastic limestones along the
zone during that time; both phenomena were probably fault
controlled.

The fault zone was also very active during

the Cenozoic and formed many of the structural features
mapped in the area.
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G E O M O R P H O L O G Y
The Chiantla quadrangle includes the south-central
portion of the Altos Cuchumatanes, an extensive car
bonate plateau characterized by a rolling karst topo
graphy and surrounded by steep, highly dissected slopes.
The plateau surface in the area is generally more than
one kilometer in height above the surrounding country
side, the maximum relief of the area is 2100 meters
with a maximum elevation of 36IÔ meters at location

620137.
The plateau surface drainage is almost totally
internal.

The only parts of the plateau with exterior

drainage are Immediately adjacent to the Rio Tuinima
and the Rio Quilin Novillo.

% e topographic map of the

area indicates an extensive drainage pattern, both inter
ior and exterior, on the plateau surface (see geologic
map).

However, this pattern was obtained from aerial

photographs and is not completely valid.

This drainage

pattern is largely relic; many of the valleys are aban
doned and are now lined with numerous cenotes, which
carry water underground even during the rainy season.
The Altos Cuchumatanes are apparently a result of
rejuvenation of the fluvial cycle of landscape develop-
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ment.

The rejuvenation probably occurred by up

lift along the Polochic Fault Zone in Late Tertiary
or Pleistocene time.

The elevation of the Cuchu

matanes increases southward toward the fault and dim
inishes northward, indicating a tilting of the land
toward the north.

The relief and drainage patterns

of the plateau surface were probably largely establish
ed before uplift.

After uplift, the margins of the

uplifted area were dissected by exterior drainage.
The dissection produced great marginal relief and
permitted the development of interior drainage on the
plateau, thereby partly preserving the original topo
graphy.
In carbonate terrain numerous lapies^ surfaces
are present.

These highly irregular carbonate sur

faces appear to have developed beneath a soil cover
rather than by subaerial exposure.

In areas of rapid

erosion, caused by deforestation by man, lapids sur
faces are being exposed by removal of overlying soil
along recently formed gullies.

Karrenfelder^, minia

ture drainage patterns on limestone surfaces, are also
associated with the lapid’s.

^For definition see Cvijic (1924, P° 26-27).
^For definition see Hill and Vaughan (1Ô9Ô, p. 1).
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An area of such great relief in the tropics is
naturally characterized by many interesting phenomena
of mass movement.

Soil creep is probably the most

important type of mass movement, but slumps, debris
slides, and earthflows produce more spectacular land
scape features (see plate I).

Along many steep slopes

with soil cover, or especially along slopes developed
on pumice deposits, slumping produces a crisscross
pattern of small scarplets.

The stairstep profile

produced by the slumping is utilized by sheep and
goats, thereby forming a crisscross pattern of trails
along the mountain slopes.
Larger slumps also occur on the steep slopes,
where many are presently being triggered by irriga
tion practices of the local farmers.

Irrigation

ditches are constructed along many of the elongate
mountain spurs along the southern slope of the Cuchuma
tanes.

Water in the ditches infiltrates into the soil

and enables it to flow.

These large slumps are especi

ally common along spurs underlain by shales of the
Santa Rosa formation.
Debris slides are exceedingly abundant; evidence
of large ones are observed along the Rio Buca on the
road to Aguacatan.
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Earthflows are also common; one was observed
during formation in a farmer's corn field at locality

755967 during June of I965.
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G E O L O G Y

LEAD-ZINC DEPOSITS
The Chiantla quadrangle includes a portion of
the Chiantla-San Sebastian mining district of Guate
mala.

Important deposits of lead-zinc in the district

have been worked for several centuries, beginning with
the Spaniards, who in the early sixteenth century
worked the deposits for their silver content.

La Esperanza Mine
Only one mine, the La Esperanza, is presently
productive in the part of the district within the
Chiantla quadrangle.

The ore is mostly lead and

zinc carbonate, but minor amounts of galena were
being excavated in 1965.

The mine is operated by

local Indians on a very small scale under contract
from the owner.
The ore is excavated by hand, transported to the
surface by hand, crushed by beating, concentrated by
washing in hollow logs, and crudely smelted with
charcoal.

The lead-zinc is then transported to Chiantla

by mule where it is sold to the mine owner at half
of its market value.

A discussion of the economic

geology of this mine, including a map of the mine
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workings as of 1943, is presented by Roberts and
Irving (1957, p- 92-94)»

i

The mine is located in a

limestone unit within the Esperanza member of the
Santa Rosa formation.

Santo Domingo Mine
The Santo Domingo mine near La Capellania was
once an important source of lead; ruins of the mill
as well as several large pits are still preserved.
The deposits of this mine are along a high-angle
fault, which has faulted carbonate of the Chochal
against red beds of the Todos Santos.

The fault

probably localized the mineralization, indicating that
the lead-zinc deposits of the region are younger than
the large thrust fault, which is known to be postJurassic.

Almengor Mine
The writer visited the site of the Almengor mine,
which was operated during Spanish colonial times, but
the workings were inaccessible in 1965 due to collapse.
The mine is located in limestones of the Esperanza
member.

No ore minerals were found by the writer,

but rubble from a former gossan of iron oxide was
noted.
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Other Deposits
Small prospect pits were noted at locality 6IIO6I.
Galena is associated with calcite veins in highly
fractured carbonates of the Chochal Formation.

SILVER DEPOSITS
Silver was noted to be writer as disseminated
masses of Pyrargyrite (Ag^SbS^) in red shales of the
Todos Santos Formation south of the Hacienda Chancol.
It was noted at localities 739996, 746OO 8 , and 767997»
The silver mineral was identified as ruby silver by
hand specimen and emission spectrograph studies, and
as pyrargyrite by Z-ray diffraction.

The pyrargyrite

was deposited from hydrothermal veins, which are de
finitely post-Jurassic.

Silver has not been previously

reported in these localities; however, the ore from
the lead-zinc mines in the Ghiantla-San Sebastian
district generally assayed several ounces of silver
per ton of ore.
Although the deposits do not appear to be econo
mical, they at least warrant further investigation.
They are in a shale, which could be easily excavated
and crushed, and the deposit at locality 746008 is
within two kilometers of a road at the Hacienda Chancol.

R eproduced with perm ission o f the copyright owner. F urther reproduction prohibited w itho ut perm ission.

114
CHRCMITE DEPOSITS
Earlier in this report chromite was mentioned in
the sandstones and siltstones of the Sepur Formation.
During Late Cretaceous time the chromite was derived
by weathering and erosion of the serpentinites along
the Polochic Fault and deposited as part of the Sepur
Formation. The deposits are rather low grade, but
local concentrations may be present.
The siltstones and sandstones are poorly cemented
and therefore easily excavated.

The chromite could

possibly be concentrated by gravity separation, a
road (RN9N) passes through the deposits, and local
labor is very inexpensive.
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G E O L O G I C

H I S T O R Y

The oldest rocks in the area are the cataclasites
south of the Polochic Fault Zone, which were foiined
before the Permian period.

However, nothing is known

of the original nature or history of these rocks ex
cept that they were probably formed by extensive move
ments along a large fault zone.

They were later in

truded by bodies of granite, aplite, and gabbro, which
are not cataclastically deformed.
During the Pennsylvanian(?) the area was probably
the site of a geosyncline receiving deep-sea deposits
of black shale with some introductions of silt by
means of turbidity currents.

These rocks were possibly

deformed during the Pennsylvanian(?) and metamorphosed
to slate and slaty shale.

Early and Middle Permian was

a time of limestone and shale deposition on a shallow,
rapidly subsiding shelf.
Late Permian and/or Triassic was marked by a major
orogeny that folded and faulted the Paleozoic rocks
and resulted in widespread emergence and erosion of
the region.
Continental deposits began to accumulate in the
area in Jurassic time and continued into the Early
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Cretaceous, forming the Todos Santos red beds.

The

red beds unconformably overlie both the Santa Rosa
formation and the Chochal limestone.

A bed of marine

limestone in the upper part of the Todos Santos in
dicates a brief marine invasion during Late Jurassic
and/or Early Cretaceous.
The contact of the Todos Santos with the overlying Ixcoy is believed to be conformable.

Evaporites

at the contact indicate shallow evaporite basins, which
possibly mark the beginning of a major marine trans
gression.

The Cretaceous is marked by the deposition

of a thick sequence of carbonates, the Ixcoy limestone,
probably along a shallow shelf.

The great thickness

of the carbonate sequence indicates geosynclinal sub
sidence during most of the Cretaceous.

Faulting re

sulted in local emergence and thick deposits of re
worked, lithoclastic limestone.

The faulting continued

throughout much of the Cretaceous.
Serpentinites were emplaced along the Polochic
Fault Zone prior to deposition of the Sepur Formation.
These serpentinites, which intrude rocks of TuronianSenonian age, indicate the presence of the fault zone
during the Cretaceous.

The latter part of the Late

Cretaceous (Campanian^Maestrichitian) was a time of
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shale and lithoclastic limestone deposition (Sepur For
mation).

The Sepur is conformable with the underlying

Ixcoy and is at least partly of marine origin.

The

clastic deposition is possibly a result of the gradual
uplift and faulting that marks the beginning of a major
orogeny during the Tertiary.
Early Tertiary was a time of major orogeny (Laramide);
most of the structural features of the area resulted
from this orogeny.

The polochic Fault Zone was undoubt

edly active, and the lead, zinc and silver mineraliza
tion probably occurred at that time.
Late Tertiary or Quaternary movements in the area
resulted in rejuvenation of the landscape and formed
the highlands of the Altos Guchumatanes.

Movements

along the Polochic Fault Zone probably caused much of
the uplift, which is more pronounced in the area near
the fault zone.
Late Tertiary(?) and Quaternary volcanism in the
volcanic highlands to the south resulted in thick
pyroclastic deposits of pumice and welded tuff, espe
cially in the large valleys near Chiantla and Aguacatan.

The Quaternary was also marked by the accumu

lation of alluvium, colluvium, and lacustrine deposits.
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Much of the terrain is presently covered by Recent soil
and colluvium.
Numerous earthquakes, youthful topography, faulted
pumice deposits, and areas of disrupted drainage indi
cate recent movement of th'e Polochic Fault.
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A P P E N D I X
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Description of Plate I
A.- Photograph of the front ranges of the Altos
Guchumatanes, with the town of Huehuetenango in
the foreground. The large, dark foothills are of
the Ixcoy limestone; the basin beyond these hills
is carved into shales of the Santa Rosa forma
tion; and the skyline consists of massive carbo
nates of the Chochal formation. The foreground
consists of granite and metamorphic rocks vene
ered by pumice deposits. The Polochic Fault
extends M W between Huehuetenango and the foot
hills of Ixcoy. (Photograph courtesy of Photo
Castillo, Huehuetenango)•
B.- Photograph of examples of mass movement near
locality 75596?. The crisscross pattern of
scarplets due to slumping is present just below
the house and also on the slope above the house.
In the top center and along the southern edge of
the valley (Rio Buca) are scars left by debris
slides. In the left center can be seen a recent
earth flow in the midst of a field.
C.- Photograph of limestone from the Chochal at
locality 675027. Note the nodular bedding and
calcite veinlets.
D.- Photograph of algal mats(?) from the limestone
of the Todos Santos Formation.
E and F.- Photographs of animal burrows from red
shales of the Sepur Formation from a roadcut on
road RN9N near Chemal.
G.- Photograph of siltstone turbidite from slates
of the Libertad member of the Santa Rosa. Note
the abrupt base and the gradational top of the
turbidite. Slaty cleavage intersects the bed at
an angle of about 35°.
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Description of Plate II
A.- Photomicrograph of a submature quartzose graywacke sandstone from the Todos Santos. Note the
abundant fragments of metaquartz as well as
micaceous metamorphic rock fragments. (Z-nicols,
2 4 a ).
B.- Photomicrograph of a foram-intraclast-oolith lime
packstone(?) from the Todos Santos, (plane light,
24a).
C.- Photomicrograph of a foram (miliolid) lime packstone from the northern facies of the Ixcoy lime
stone. (plane light, 24a).
D.- Photomicrograph of a dolomite breccia from the
lower part of the Ixcoy. The dark clasts are
dolomite and the light areas are calcite matrix.
An example of evaporite solution collapse
breccia, (plane li^t, 24a).
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Description of Plate III
A.- Photograph of a slab of rudist-lithoclast lime
packstone(?) from the southern facies of the
Ixcoy limestone.
B.- Photograph of a slab of rudist-lithoclast lime
grainstone(?) from the Sepur Formation.
C.- Photograph of an exposure of carbonate breccia
from the Ixcoy. An example of evaporite
solution collapse breccia. Note the veined,
partly rounded clasts.
D.- Photograph of a slab of dolomite breccia
from the Ixcoy. The light-colored clasts are
dolomite, and the dark matrix is calcite,
which has been stained by alizarin red-S.
An example of evaporite solution collapse
breccia.
E.- Photograph of a slab of pseudobreccia from
the Ixcoy.
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Plate IV.- Relative energy index classification used in the measured sections.
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ABBREVIATIONS
aa - as above
ab - as below
abun - abundant
apprx - approximately
arg - argillaceous
blk - black
bracks - brachiopods
brn - brown
CHT - chert
cxln - coarse-crystalline
dk - dark
DOL - dolomite
fg - fine-grained
fiss - fissile
foss - fossil(s)
frags - fragments
fxln - fine-crystalline
grn - green
grnst - grainstone
gry - gray
inc - includ(e/ing)
Im - lime
LS - limestone
It - light
mdst - mudstone
med - medium
mxln - medium-crystalline
num - numerous
pckst - packstone
prob - probably
recryst - recrystallized
SH - shale
sil - siliceous
si - slightly
SLTST - siltstone
slty - silty
sm - some
SS - sandstone
vfg - very-fine-grained
vy - very
w/ - with
wckst - wackestone
weath - weathers
x-bedded - cross-bedded

LITHOLOGIC SYI-ÎBOLS

Limestone
Lithoclastic limestone
conglomerate

zz
z_

Dolomite
Dolomite breccia
Nodular bedded
limestone and dolomite

A

Chert

Sandstone and siltstone
Mud-shale
Clay-shale
Marl

V

V

Serpentinite

SAMPLE NOTATIONS
Example: C-210 indicates that
the sample is 210 meters above
the base of section C.
HS - hand specimen examined
under the binocular
microscope.
S - slab that has been etched
and polished.
TS - thin section,
P - acetate peel.

Plate V.- Symbols and abbreviations used in the measured
sections.
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SECTION C - LIBERTAD AND ESPERANZA MEMBERS OF THE SANTA ROSA FORMATION. Section begins near mouth of the
Riachuelo El Rancho at its junction with the Rio Selegua* Begin at edge of alluvial cover. Follow the
Riachuelo El Rancho up to road RN9N. Numerous small faults, possible folds, and slaty cleavage make the
thickness of the shale Interval unreliable, but the descriptions are accurate, and the thickness measured
probably indicates the proper magnitude.

SAMPLES

THICXNESS
(meters)

LITHOLOGY

RELATIVE
ENERGY
INDEX

LITHOLOGIC DESCRIPTIONS

1 2 34 5

3
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3"

I

C-1300(S)
CD

Q .

C

a
o
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Q .

I

M

Section ends at covered Interval about SO meters below bridge.

CD

■D
O

I

1300
1290

C-1260(HS) 1280
C-1270(P,S)I270

LS(calcarenite, fusulinid Im pckst?), arg, slty, pyrltlc,
recrystallized.
LS(calcarenlte, crlnold Im pckst?), dk-gry, abundant foss inc crlnoids,
gastropods, corals, nodular beds about 15 cm. Durhamla.
MUD SH, dk-gry, burrows w/ silt, vy foss w/ crlnoids, bryozoans,
corals, and scaphopods.
LS (calcarenite, foss Im pckst?), dk-gry, nodular beds, recrystallized.
MUD SH and SLTST, gry-gm. Intercalated.

C-126D(HS) 1260
C-1250(S)

1250

C-1240(S)

1240

LS (calcarenite, fusulinid Im pckst?), recrystallized, slty, sil,
contains crlnoids, bracks, bryozoans, and Schwaoerina.

C-1230(HS) 1230 -

MUD SH, ab, non-foss.

C-1220(P,S)1220

LS (calcarenite, spicule? Im wckst?), recrystallized, sil.

C-1210CS)

LS (calcarenite, bryozoan-crinoid Im pckst?), recrystallized, arg, sil,
dk-gry, vy nodular beds about 10 cm,

1210 I

C-1200(HS> 1200
1190

■D
CD

C/)
C/)

LS (calcarenite, bryozoan-crinoid Im pckst), recrystallized, dk-gry,.
thin SH partings, abundant foss.

C-llBO(HS) 1180
C-1170(HS) 1170 -

MUD SH, gry-grn, weath gry-brn, vy fiss, sm foss, si micaceous.

C-1160CHS) 1160 C-llSO(HS) 1150 C-1140(HSJ 1140
C-1130(HS) 1130 C-1120
1120
(TS,S>
C-lllO(HS) 1110
C-.1100(S)

1100 -

C-1090
(TS,S)
C-IOBO(S)

1090 -

Covered, probably SH.
MUD SH, abf and LS (calcarenite, bryozoan-crinoid Im pckst?),
recrystallized, dk-gry, nodular beds.
Covered, SH float on slopes.
MUD SH, gry-gm, si micaceous, moderately hard, fiss, abundant
bryozoan molds.
LS (calcarenite, crinoid-bryozoan Im pckst?), recrystallized, sil, dk-gry,
nodular bedding.

1080 -

C-1060(P,S)1060

LS (calcarenite, crlnold Im grnst), recrystallized, dolomitic, also
bryozoans, fusulinids, and pracks.
LS (calcarenite, intraclast -.coated grain Im grnst), gry-brn,

C-1050CS)

LS (calcarenite, foss Im ockst?). reepustaiHwoH.

C-1070(P,S)1070

1050 -

1

«i.-..

---

C-1120
1120 •
(TS,S)
C-lllO(HS) 1110 •

73

CD
■D

0
Q .

1

C-.1100(S)

1100 •

c-1090
(T S ,S )
c - io e o ( S )

1090 *

LS (calcarenite, crlnoid Im grnst), recrystallized, dolomitic, also
bryozoans» fusulinids» and bracks.
LS (calcarenite, intraclast -.coated grain Im grnst), gry-brn.

C -1060<P,5)1 0 6 0
C-1050CS)

CD

1050

-1

C/)

C-1030
1030
(TS,S)
C-102QCHS) 1020

o'
Z5

LS (calcarenite, foss Im pckst?), recrystallized, sil, slty, gry-grn.
LS (calcarenite, foss Im wckst?)» recrystallized, arg, sil, dolomitic, vy
nodular beds.
Fault, probably of small displacement.
LS, ab, lenses up to 50 cm which pinch out laterally.

C-1Q4G(P,5)1040

(g

MUD SH» gry-gm» si micaceous» moderately hard» fiss, abundant
bryozoan molds.
LS (calcarenite, crinoid-bryozoan Im pckst?)» recrystallized» sil» dk-gry,
nodular bedding.

1080 H

C -107 0(P ,S )1 070

■O

MUU SH» abf and LS (calcarenite» bryozoan-crinoid Im pckst?)*
recrystallized» dk-gry» nodular beds.
Covered» SH float on slopes.

MUD SH, ab.

C-IO IO (H S ) 1010
C-997(S)

8

~

LS, ab, nodular beds about 20 cm, many thin arg layers,
Paiafusullna?.

990 -

c5'
3

C-980CS)

980

C-970(HS)

970 -j

C-960(HS)

960

LS ( calcarenite, erinoid Im pckst?), recrystallized, sil, dk-gry,
weath blue-gry, abundant crlnoids and bryozoans, very nodular
beds about 30 cm.

C-950(HS)

950

MUD SH, ab.

C-940(TS)

940

SS, iimnature orthoquartzite, vfg, ned-brn, some patches of blue-gry
calcareous SS, massive, poorly bedded.

C-930CHS)

930

C-920(HS)

920 -

C-910(HS)

9

CD

C
p
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CD

C-900(TS,S) 900 -|

■O

I
C

690
C-880(HS)

a
o
3

880

CLAY SH, gry-gm, vy fiss, numerous thin red iron(?)-rich bands.

MUD SH, gry-gm, vy fiss, numerous bryozoans, crlnoids^ and bracks,
LS (calcarenite, ctinoid Im pckst?), recrystallized, slty, dk-blue-gry,
beds about 25 cm.
Covered, SH float.
MUD SH, gry-gm, vy fiss, blocky, abundant bryozoan and erinoid frags.

Covered, SH anJ LS on hillside.

C-840(S)
CD
Û .

C-830(S)
0-820(5)

O
C
■o
CD

C/)
C/)

LS, ab, fusulinids inc Schwaoerina and Pseudoochwaoerlna?.
Covered, SH float on hillside.
LS (calcarenite, bryozoan-crinoid Im pckst?), recrystallized, sil,
dk-gry, nodular beds about 15 cm, good petroliferous odor.

-C-812(TS,S)

/h

Covered, probably SH.
No more slaty SH in float above 800 meters; only gry-grn, non-slaty,
foss SH.

CLAY SH and MUD SH, fiss, moderately hard, slaty, si micaceous.

Some LS here, but probably washed down from above.

Covered, slaty SH on slopes.

CD
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O
Q .

C-710CHS)

710 -

C«700(HS)

700

C-690CHS)

690 -

C-680CHS)

680

C-670(HSD

670

C-660(HS)

660 -

C-650(HS)

650 -

C-S40CHS)

640

C-630CHS)

630

C

g
Q .

■D
CD

CLAY SH, ab; and numerous SLT^T beds about 5-10 cm,

SS; vfg; dk-gry; boudinage lenses,

,

SLTST; x-bedded; w/ SH interbeds, beds about 15 cm,
C /)
C /)

8
ci'

3
3"

C-620CHS)

620 -

C-610CHS)

610 -

C-600(HS)

600 -

C-590CHS)

590 -

C-SBO(HS)

580 -

C-570CHS)

570 -

C-560CHS)

560

C-SSO(HS)

550 -

C-540(HS)

540

C-530CHS)

530 -

C-520CHS)

520

MUD SH; ab; forms waterfall.

CLAY; slaty; dk-steel-gry, fiss, hard..

MUD SH; dk-steel-gry, vy hard; si micaceous; forms small waterfall.

Ironstone concretion in CLAY SH.

SLTST; thin laminae in CLAY SH; contacts abrupt at bottom and
gradational at top, probably turbidites.

510
C-SOO(HS)

500

C-490(HS)

490

C-480CHS)

480 -

Covered; slaty SH on hillside above.

CD

CD

■D
O

C-470(HS)

C

C-460(HS)

460

Q .

a
O
3
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O

C-450CHS)

450-

C-440CHS)

440

C-430CHS)

430

C-420CHS)

420410

CD
Q .

■D

400

Covered; SH on hillside above.

C-390CHS)

390

SLTST; arg; red-brn, boudinage lenses in CLAY SH.

C-390CHS)

380-

C-370CHS)

370

C-360(HS)

360

C-350CHS)

350

CD

C/)
C/)

CLAY SH, ab; 3 foliations including bedding.

C-340(HS)

340 -

C-330<HS)

330

C-320(HS)

320 -

C-310CHS)

310

SLTST bedS; dk-gry, weath red-brn, arg, graded, abrupt basal contacts
and gradational upper contacts, interbedded w/ CLAY SH, SLTST
beds probably turbidites.

C-300CHS)

300

C-290CHS)

290

CLAY SH; dk-steel-gry, hard, fiss, slaty,

C-280CHS)

280-

M U D SH. H V —fnpv. havxl.
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SECTION D - CHOCHRt. FORMATION, Section Is..near the type section for the Chochal about one kilometer
north-north-east of the La Esperanza Mine.' Begin in sandstone of the Santa Rosa formation along a
trail at the base of a massive carbonate scarp*
STRATIGRAPHIC
UNITS

SAMPLES

THICKNESS
(meters)

I
c
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o
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■a
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CD
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RELATIVE
ENERGY
INDEX

LITHOLOGIC DESCRIPTIONS

1 2 34 5
-T
T |-|1
D-S50(S)

550-

D-540(S)

540 -

ïhrust fault contact with the Todos Santos Formation,
LS( calcarenite, fusulinid Im wckst?), recryst, dk-gry.
LS (calcarenite, fusulinid Im pckst?), recryst,*afg.
Covered, MUD SH float.

CD

■o

LITHOLOGY

SLTST and HUD SH, very*hard, silica cement, faintly x-bedded.

D-520(HS)
D-510(S)

LS (calcarenite, foss Im pckst?), recryst.

D-500(S)
D-490CS)

LS (calcarenite, foss Im wckst?), recryst, abundant bryozoans and
spicules?.
LS, ab,

D-480(S)

LS (calcarenite, bryozoan-fusulinid Im pckst?), recryst, vy sil.

D-470(S)
D-460(S)

LS (calcarenite, brack Im pckst?), recryst, gry-tan, weath blue-gry,
some fusulinids.
LS (calcarenite, foss Im pckst?), recryst.

D-450(S)

LS, aa,

D-440(S)

c

430 -

LS, aa. Prom 440 to 500 the section is poorly exposed. Only limestone
crops out, but much HUD SH occurs as float.
LS, aa, Eoverbeekina.

■o
CD

D-420(S)
Covered, SH float,
LS (calcarenite, erinoid 3m pckst?), ab, Schwacerina.

D-410(S)

cn

œ
d3

D-400<8)
LS (calcarenite, erinoid Im wckst?) recryst, arg, dk-gry.
D^390(S)

390 -

D-380(S)

380 -

Covered, SH float.

D-370(HS)
LS (calcarenite, bryozoan 3m pckst?), recryst, sil,
LS (calcilutite, spicule? 3m mdst?), recryst, some bracks and fusulinids.

D-360CS)
D-350(TS,S) 350 -

LS (calcarenite, algal 3m pckst), recryst, sil, burrowed,

D-340(S)

LS (calcarenite, fusulinid Im wckst?), recryst.

D-330(S)

DOL, cx3n, biogenic, gry, petroliferous odor, beds 20-30 cm.

D-320(TS,S) 320 -

LS (calcarenite, intraclast-fusu3.inid 3m pckst?), ab.

D-310CS)

Thin covered intervals have SH float.

D-300CS)

300 -

LS (calcarenite, fusulinid 3m wckst?), ab.

7D
■D
O

D-330CS)

DOL, exIn, biogenic, gry, petroliferous odor, beds 20-30 cm.

D-320(TS,S)

LS (calcarenite, intraclast-fusulinid Im pcKst?), ab.

D-310CS)

Thin covered Intervals have SH float.

C

D-300(S)

LS (calcarenite, fusulinid Im wckst?), ab.

D-290CS)

LS (calcarenite, foss Im pckst?), recryst, dk-gry, weath med-gry>
numerous siliceous fusullnids and gastropods.
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Q .

8
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Covered, SH float w/ numerous bryozoan molds.
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D-260(S)
D-250(S)
D-240(S)
D-230(S)

DOL, mxln, biogenic, It-gry, weath duU-lt-gry, beds about 10-40 cm,
abundant recryst fusulinids gives distinct white spots to the DOL.
some gry CHT.

D-220CS)
D-210CS)
D-203(HS)
D-200(S)
D-190(S)

LS (calcarenite, foss Im wckst?), recryst, arg, Eoverbeeklna.

D “180(S)

LS, ab.

D-170(S)

LS, ab, abundant large gastropods (Omphalotrochus).

D-160CS)

LS (calcarenite, fusulinid Im pckst?), recryst.

D-150(S)

LS (calcarenite, foss Im pckst?), recryst, abundant bracks, fusulinids,
crinoids, gastropods, and some green algae.
LS, ab; interbedded w/ DOL, mxln, biogenic, nodular beds.

(O '

3"
1
3
CD

3
.
3"

D-140(TS>S)
D-130CS)

CD

D-120(S)
CD

"D
O
C
a
Q .

D-UO(S)

LS (calcarenite, bryozoan Im wckst?), recryst, arg, sil, dk-gry,
weath It-gry, nodular beds about 15 cm, some gry CHT.
DOL, ab, nocln.

D-IOO(S)
D-90(S)

90 -

DOL, ab.

80 -

Covered, DOL float.
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O
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D-70(S)

70 -

D-60(S)

60 -

D-50(TS,S)

50 -

D-40(P,S)

40 -

D-30(S)

30 -

D-20(P,S)

20 -

D-10(TS,S)

10 -

IZZZE
DOL, fxln, gry, bryozoans and fusulinids, beds about 10 cm.
LS (calcarenite, foss Im pckst?), recryst, nodular beds, burrowed.
MUD SH, gry-gm, vy fiss, micaceous.
Covered, probably SH.
LS (calcarenite, foss Im wckst?), recryst, sandy, dolomitic.

a

iS E i z

LS (calcarenite, brack-intraclast Im gmst?), recryst, gry-tan, weath
blue-gry, bedg about 15 jan, abundant gry CHT nodules.
LS (calcilutite, bryozoan Im wckst?), recryst.

CD

D-O(TS)

MUD SH, gry-gm, vy fiss, abundant bracks (Retaria).
SS, immature orthoquartzite, fg, red-bm, ferruginous, vy friable.
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SECTION B - SOUTHERN FACIES OF THE IXOOY LIMESTONE, Section begins at base of hill just west
of Rio Toxnocal about one-ha If kilometer north-west of a small artificial lake at Los Regadios,
Section continues north along major trail until in rudist-lithoclast facies, then follows crest
of hill northward.
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(meters)
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LITHOLOGIC DESCRIPTIONS
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B-1040(S)

1040-

B-1030CS)

1030-

B-1020(S)

1020 -

B-IOIO(S)

1010 -

Serpentinite,
DOL, fxln, med-gry; and dolomitic LS (calcarenite,
recryst foram Im gmst?), med-gry. Tectonically
brecciated.

LS (calcarenite, highly recryst foss? Im gmst?),
It-gry to white, appears lithographic in the
field, beds 20-30 an.

B-1000(TS,S) 1000
B-990(S)

990-

B-9B0(S>
(O '

B-970(TS,S)

970-

B-960(S)

B-9SQ(S)

3
.
3"
CD

CD

■D
O
Q .
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a
o
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B-940(TS,S)

940-

B-930(S)

930-

B-920(S)

920-

Note: Exposures from this general zone along a
trail to the west have some shale interval^
that are not exposed here.

B-910(S)
B-900(S)
B-S90CS)
B-880(S)

Note; from 855 to 960 the rocks are highly fractured
and fiossibly contain several small faults.
i

I ^ a lA

B-B70(S)
B-860CS}
B-850CS)

CD
Q .

B-840(S)
B-830(TS,S)
B-820(S)

oIg

01 a a lo O lA
B-810CS)

■D
CD

B-800CS)
B-790CS)

(
(/
/)
)

B-780(S)
B-770CS)
B-760(S)
B-750(S)
B-740(S)

Sheared and mineralized zone, probably a fault,
possibly not of great displacement.

2

B -B 7 0(S )

870-

CD

B-860CS)

860-

O

B-850CS)

850- •

■D

«H4^1'^o T

Q .

C

B -8 4 0 (S )

840-

g

B -8 3 0 (T S ,S )

830—

B -8 2 0 (S )

820-

B-810CS)

810-

B-eOO(S)

800-

Q .

■CD
D
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W
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O
8
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Sheared and mineralized zone, probably a fault, out
possibly not of great displacement.

B-790CS)

7 9 0 - » o i «ptfT?*

B -7 8 0 (S )

780-

B-770CS)

770-

B-760CS)

760-

B-750CS)

750-

B-740CS)

740-

B-730CS)

730-

B -720 (S )

720-

B -7 1 0 (T S ,S )

710-

B -7 0 0 (S )

700-

B -6 9 0 (S )

690-

B -6 8 0 (S )

680-

B -670 (T S ,S )

670-

B-660CS)

660-

B -650 (S )

650-

B-640CS)

640-

B -6 3 0 (S )

630-

8 -6 2 0 (8 )

620-

B -610 (S )

610-

B -6 0 0 (T S ,S )

600-

8 -5 9 0 (8 )

590-

JSl
o_l «y e» 1

L8 (dalcirudite and calcarenite, rudist-lith Im
pckst and gmst), med-gry, weath blue-gry, very poorly
bedded w/ beds about 20 an, petroliferous odor,
some CHT and 88 fragments. Ihe lithoclasts commonly
have stylolitic boundaries w/ little or no matrix,
thus many of the rocks may have been either lime
packstones or lime grainstones. The lithoclasts
are mostly foram lime packstones w/ rudists and
green algae also common.

C

a
O
3
■D
O
CD
Q .

■CD
D
C/)
C/)

B -580 (S )
8 - 5 7 0 (8 )

570-

8 - 5 6 0 (8 )

560-

8 - 5 5 0 (8 )

550-

8 - 5 4 0 (8 )

540-

8 - 5 3 0 (8 )

530-

8 - 5 2 0 (8 )

520-

8 - 5 1 0 (8 )

510-

8 -5 0 0 (8 )

500-

8-490(8)

490-

8 - 4 8 0 (8 )

480

V
MUD SH, vy fiss; and LS (calcilutite, Im mdst), thinbedded, highly altered.

B-SIO(S)
CD
■D

O

O.
C

g
Û.

B-SOO(S)
B-490(S)
MUD SH, vy fiss; and LS (calcilutite, Im mdst), thlnbedded, highly altered.

B-480(S)

V^v vv

■CD
D

B-450(S)

Serpentinite.
LS (calcirudite, rudist-lith Im pckst), blue-gry, sente
pebbles of SS, petroliferous odor.

B-440(TS,S)

Serpentinite probably intruded along a fault here.
Displacement unknown.

(/)C/)
MUD SH, blk, mineralized.

"8O

VV

(O '
Serpentinite.

i
3
.
3
"
CD

B-308CHS)
liS (calcirudite, rudist-lith Im pckst?), blue-gry.

B-300(HS)
D
■CD
O
Q.

C

\
B-290CHS)

CLAY SH, MUD SH, SLTST, SS, and LS; very-thinbedded (beds about 3 cm), highly contorted and
calichified.

B-280CHS)

a
O
3
-O
O

B-270(HS)

CD
Q.

B-230CS)

B-250CS)
I

i ' fy\

jg I C t o l S j

B-250CS)

A

B-240CTS.S)

B-220(S)
B-210(S)
B-200(S)

TCDD

B-190CS)

B-180(S)

(
/)
(/)

B-170CS)
B-160(S)

B-150CS)
B-140(S)
B-130CS)

B-120(S)
R -n n fS " )

a

DOL BRECCIA w/ some LS BRECCIA, generally clasts of
f- mxln dk-gry DOL in It-gry matrix of fxln
sparry calcite. The clasts are very angular,
fairly uniform in conposition (with some exceptions),
very poorly sorted, exhibit no pressure solution
between clasts, and match adjacent clast boundaries
in some samples. Some clasts of SH, SS, and CHT
are present in small amounts. Ihe breccias are
probably a result of evaporite solution collapse,
since lithologically correlative rocks in the
subsurface contain abundant evaporites.
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SECTION A - SEPUR FORMATION, Section is one-half kilometer north-west of Tuinlma, Section
begins in limestone of the Ixcoy just below the Sepur contact. Section continues south to where
a faint gully exposes red beds of the Sepur. Section ends at the axis of a large syncllne.
STRATIGRAPHIC
UNITS

SAMPLES

THICKNESS LITHOLOGY
(meters)

RELATIVE
ENERGY
INDEX

LITHOLOGIC DESCRIPTIONS

Truncated by erosion,
A-240(HS)

240-

SS, vfg; SLTST; and SH, clay, orange to red-bm; interbedded;
beds of S-IS cm.

230A-220(S)

220-

LS (calcarenite, rudist-lith Im gmst), med-gry, vy poorly
bedded, beds ^ to 1 m, sm gry-tan cht, lithoclasts
contain abun rudists and forams, inc Pseudorbltroides.

A-210(TS,S) 210
A-200(TS,S) 200

CLAY SH, vy altered.

Covered, soil characteristics suggest SH.
Possible fault here but of snail displacement.

A-12C (HS)

12

A - n O CHS)

110.

A-lOO (HS)

10

CLAY SH and SLTST, ab, some chromite grains.

CLAY SH, ab, si micaceous, w/ nun thin SLTST laminae 2-10 cm,
CLAY SH, orange to red-bm, non-fiss; interbedded w/ red-bm
SLTST, beds 10-20 an, f o m small ledges.
D)vered, probably mostly SH.
ClAY SH, vy altered, exposed in stream.

Concealed fault of apprx 10 m stratigraphie separation;
added 10 m to section.
Covered, prob SH.

A-3Q (TS,S)
A-20

MARL, ozange, soft.
LS (calcirudite, rudist-lith Im gmst), It-gry, abun forams in
lithoclasts inc Pseudorbitoides. Globctruncana fornicata:
and CLAY SH, red-orange, sm rudists.
CLAY SH, orange to tan, soft, blocky fracture, thin-bedded but
non-fiss, bedding 1-5 cm, sm thin beds of LS about 1 cm.

30-

HS)

A-10 (HS)

LS (calcirudite, rudist-lith Im pckst?), gry-tan, poorly bedded,
beds about 30 cm, cht nodules, abun forams in lithoclasts.

A-0 (TS,S)

P la t,

IX.- M ,o s u r,d

«action A , th ,

S,pur Formation.
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Plate X

e x p l a n a t io n

MAP UNITS

Qal

SYMBOLS

CONTACTS

ALLUVIUM
Includes interbedded gravel, sand,
and mud along river terraces,
alluvial fans, intermontane basins,
and present flood plains.

CONTACT
Dashed where approximately located

FAULTS
Ql

S

LACUSTRINE DEPOSIT
Sandstones and claystones.

FAULT, showing dip
Dashed where approximately located
Dotted where concealed
U, upthrown side; D, downthrown side

Qp
PUMICE
Pumice fragments in matrix of
granulated pumice.

THRUST FAULT
Dashed where approximately located
Dotted where concealed
T, upper plate

Q?p
FRACTURES, mapped from photographs
PUMICE

I^
I I

Pumice fragments in matrix of
granulated pumice.
FOLDS
Q?w
WELDED TUFF
Quartz, feldspar, and lithic
fragments in matrix of welded
glass shards.
Angular unconformity

AXIS OF ANTICLINE
Dashed where approximately located

AXIS OF SYNCLINE
Dashed where approximately located
Dotted where concealed
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Ks
SEPUR FOR
Red shales, siltst
stones; and lithoc
stones.

m
8
S
g

Kis'
IXCOY LIMl
Kis - southei
Kin - northei
Kis - lithoclast]
dolomite, e
breccia.
Kin - foraminifei
dolomite, a
breccia.

KJt
s s

Pi
’ g

TODOS SANTOS :
Shales, siltstones,
and conglomerates,
beds; black, thin-b
Angular uncor

Pc
CHOCHAL FOR
Massive-bedded lin
dolomites.
GEOLOGY MAPPED IN 1965 AND 1966
BY D. N. BLOUNT FOR LOUISIANA
STATE UNIVERSITY AND THE
INSTITUTO GEOGRAFICO NACIONAL
DE GUATEMALA

i 3500 meters
- 3000
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Pse
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Interbedded shale,,
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Slates and slat

2000
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uotted where c o H S IH B ir"
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Ks

PLUNGE OF MINOR ANTICLINE

SEPUR FORMATION
Red shales, siltstones, and sand
stones; and lithoclastic lime
stones.

PLUNGE OF MINOR SYNCLINE

BEDDING AND FOLIATION
KisS Kin

L
STRIKE AND DIP OF BEDS

IXCOY LIMESTONE
Kis - southern facies
Kin - northern facies
Kis - lithoclastic limestones,
dolomite, and dolomite
breccia.
Kin - foraminiferal limestones,
dolomite, and dolomite
breccia.

STRIE AND DIP OF OVERTURNED BEDS

Ago
STRIE OF VERTICAL BEDS

HORIZONTAL BEDS

KJt
TODOS SANTOS FORMATION
Shales, siltstones, sandstones,
and conglomerates, mostly red
beds; black, thin-bedded limestone.

/I3

STRIE AND DIP OF FOLIATION

STRIE OF VERTICAL FOLIATION
Angular unconformity
MINE

CHOCHAL FORMATION
Massive-bedded limestones and
dolomites.

LINE OF SECTION

ESPERANZA MEMBER - SANTA ROSA FORMATION
Interbedded shale, and limestone.

LIBERTAD

- SANTA

FORMATION
Slates and slaty shales.

APPROXIMATE

LOCATION OF MAP A E A
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STRIKE OF VERTICAL FOLIATION
Angular unconformity
MINE

Pc
X
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CHOCHAL FORMATION
Massive-bedded limestones and ■
dolomites,

LINE OP SECTION

Pse
ESPERANZA MEMBER - SANTA ROSA FORMATION
Interbedded shale and limestone.

PsI
LIBERTAD MEMBER - SANTA ROSA FORMATION
Slates and slaty shales.
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